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CEMENTITIOUS CONSTRUCTION MATERIAL CONTAINING MAGNESIUM
OXYCHLORIDE CRYSTALS

FiFL.D OF THE INVENTION
16061} The present invention generally relates to cementitious material that 1s a

precursor of a magnesium oxychloride cement (MOC) and comprises treated carbon
fibers comprising a dispersing agent at least partially coating the carbon fibers and
processes for the preparation thereof. The present invention 18 also related to cementitious
material that is a precursor of a magnesium oxvchloride cement (MOC) and comprises a
siliconate and processes for the preparation thereof. The present invention further relates
to cementitious material {e g., pourable, extrudable, moldable and formable cementitious
material} and cementitious construction matenial {e.g., boards, structural laminates, etc.)

formed from curing the cementitious material.

BACKGROUND OF THE INVENTION

[8082] MOC 15 a crystaliine ceramic material suitable for use as a structural
construction material. MOC for structural applications has the stoichiometric formula
Mgs{OH)CL4H20 and 1s known as S-phase MOC. Generally, S5-phase MOC 15 prepared
by mixing magnesium oxide (Mg(), magnesium chloride (MgCh), and water in a
stoichiometric molar ratio of 5:1:13, respectively.

18003 Previcusly, MOC extubited low water stability and thus had not been the
subject of widespread adoption for use m construction materials. Recently, cementitious
construction material, methods for the preparation thereof] and its use in certain
applications such as in tile backer board have been developed as described in U8, Patent
No. 10,167,230, U.S. Patent No. 10,167,231, U.S. Patent No. 10,167,232; and U.S.
Patent No. 10,227 259. These patents describe MOC exhibiting various advantageous
properties, including water stability, in particular warm water stability and therefore are
particularly suitable for use in construction in warm weather and hurricane susceptible

areas. These construction materials are also fire resistant.
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[6084] However, a need exists for continued improvements in MOC and MOC-
containing cementitious materials and cementitious construction materials as their

adoption for use in various constructions applications expands.

BRIEF SUMMARY OF THE INVENTION

0085} One embodiment of the present invention is directed to a cementitious
construction material, the cementitious construction material comprising magnesium
oxychioride crystals and treated carbon fibers comprising a dispersing agent at least
partially coating the carbon fibers.

0006} Anocther embodiment of the present invention is directed to a cementitious
construction material, the cementitious construction material comprising magnesium
oxychloride crystals and a siliconate.

[8007] Certain embodiments of the present mvention are directed to a process for
making a cementitious material. The process comprises blending magnesium oxide and a
magnesium chloride solution, thereby reacting the ragnesium oxide and magnesium
chloride and forming a hquid mixture; blending treated carbon fibers comprising a
dispersing agent at least partially coating the carbon fibers into the higuid nmuxture,
thereby dispersing the treated carbon fibers throughout the hgquid mixture; mixing the
fiquid mixture containing the treated carbon fibers untif a target density of the hquid
mixture of 1s reached; and adding a stabilizing matenial to the liguid mixture, wherein the
stabilizing material 1s selected from the group consisting of an aqueous solution
comprising phosphorous acid (H3PGs), an aqueous solution comprising phosphoric acid
{(FH=P04), or combinations thereof.

[6008] Other embodiments of the present invention are directed to a process for
making a cementitious material comprising. blending magnesium oxide and a magnesium
chioride solution, thereby reacting the magnesium oxide and magnesium chloride and
forming a hiquid mixture; introducing a siliconate and a stabilizing material into the hiquid
muxiure; and mixing the hquid mixture containing the sitliconate and the stabilizing

material unti a target density of the liquid mixture of 1s reached.
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16009 In one embodiment of the present invention a multi-layer stractural
construction material 1s disclosed. The material comprises a first layer constructed of
cementiticus construction material comprising magnesium oxychloride crystals and
having an outer surface, an inner surface, and at least one edge between the outer surface
and mner surface; a second layer constructed of cementitious construction material
comprising magnesium oxychloride crystals and treated carbon fibers comprising a
dispersing agent at least partially coating the carbon fibers having a first inner surface, a
second inner surface and at least one edge between the inner surfaces; and a third layer
constructed of cementitious construction material comprising magnestum oxychloride
crystals and having an outer surface, an inner surface and at least one edge between the
outer surface and the 1nner surface. The second laver 15 disposed between the first layer
and the thurd layer. The inner surface of the first layer covers the first inner surface of the
second laver and the 1oner surface of the third layer covers the second mner surface of the
second layer. The cured density of the cementitious construction material of the second
layer 1s less than the cured denstty of the cementitious construction maternial of the first
layer and the third layer.

19610} Another embodiment of the present imvention 15 divected to a floorng
lanunate. The flooring lanunate comprises a core layer having a first surface having a
fength and a width, a second surface having a length and a width, and at least one edge
extending between the first surface and the second surface, wheren the core laver
comprises a cementitious board comprising magnesium oxychioride ¢rystals and treated
carbon fibers comprising a dispersing agent at least partially coating the carbon fibers,
wheregin the cementitious board has a density of from about 0.6 g/mL to about 1.3 g/mi;
and a decorative laver secured to the first surface of the core layer.

18811} In other embodiments of the present invention, a cementitious material 1s
disclosed comprising magnesium oxychloride crystals at least partially surrounded by a
phosphorus-containing layer, the cementitious material comprising treated carbon fibers
comprising a dispersing agent at least partially coating the carbon fibers.

18812} Other objects and features will be i part apparent and in part pointed out

hereinafter.
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BRIEF BESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
18013 Figs. 1 and 2 depict construction material in accordance with the present
mvention.
18014} Corresponding reference characters indicate corresponding parts

throughout the drawings.

DETAILED DESCRIPTION OF THE INVENTION

[8015] The present invention relates to cementitious material that is a precursor of
magnesium oxychioride cement (MOC) and cementitious construction material
comprising MOC and processes for their preparation.

[8316] Previous cementifious construction materials, such as those made using
Portland cement, are typically formed via a hydration reaction comprising combining
calcium oxide {i.e., hyvdraulic lime) and water to form a paste that coats particles of stone
and sand. To prepare a suttable construction material, the product of the hydration
reaction must be dried to remove excess water and form a suitable sohid product.

[8017] In contrast, the process of preparing magnesium oxychloride cement
mvolves combining and reacting magnesium oxide and magnesium chlornide to form an
amorphous phase, followed by mntroducing a phosphorus-containing stabihizing matenal.
Curing the cementitious material then actuates crystallization of a portion of the
amorphous phase, while simultaneously forming a nano-molecular veneer encapsulating
the crystallized portion of the amorphous phase. The cementitious construction material
{e.g., a board or other structural component} formed upon curing of the cementitious
matenal comprises magnesium oxychloride crystals, mmcluding those having a
phosphorus-containing fayer thereon. Further, magnestum oxychloride cement also
exhitits a more neutral pH than those typically observed in traditional (e.g., Portland}
concretes.

16018] These differences from conventional cementitious construction materials
present the skilled person with unique challenges and considerations when attempting to

atilize magnesium oxychloride cement 1n the preparation of construction materials. For
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example, solid reinforcing components {e.g., carbon fibers} added to the mixture for
improved mechanical strength characteristics in magnesium oxychloride cementitious
construction materials are often hydrophobic and difficalt to uniformiy distribute
throughout the cement mixture, undermining their effectiveness. Further, it is often
desired to control the density exhibited by the cementitious construction material,
mcluding reducing the density to produce a lighter material that 1s easter to handle and
mampulate. Any solution to the problems of providing improved mechanical strength
and/or density control 1n magnesium oxychloride cementitious construction materials
must not appreciably interfere with the reaction between magnesium oxide and
magnesium chloride nor inhibit formation of the crystalline structures or a nano-
molecular veneer. As described in detail below, solutions to these problems and other
benefits are provided by utilizing a dispersing agent and/or a siliconate component i the
preparation of the magnesium oxychlornde cementitious matenal,

[8819] The cementitious material and cementifious construction roaterial of the
present invention are generally 1 the form of those described in US. Patent Nos.
10,167.230; 10,167,231, 10,167,232, and 10,227,259, the entire contenis of which are
meorporated by reference herein for all relevant purposes, with certain properties
enhanced based on the presence of carbon fibers, a dispersing agent, and/or a sihconate
component.

18028 In one embodiment of the present invention, carbon fibers are
mcorporated into the cementitious material providing various advantages as detailed
herein. The carbon fibers utihized i accordance with the present invention are typically
treated carbon fibers in the form of carbon fibers having a dispersing agent at least
partially coating the carbon fibers. The dispersing agent aids in compatibilizing and
distributing the hydrophobic carbon fibers throughout the mass of cementitious material,
thus providing the advantage of incorporating the fibers throughout the entire
cementitious material and eventual cementitious construction matenial. Incorporation of
the carbon fibers throughout the entire cementitious material has been observed to
provide the cementitious construction material with numerous advantageous properties.

For example, improvements in bulk and specific strength properties, including flexural
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strength and lateral screw pull strength. Additionally, the cementitious construction
material of the present invention was found to have improved buik and specific nail pull
strength. Further advantageous, and surprising, was the discovery that incorporating
treated carbon fibers provides a cemeniitious material with these advaniageous strength
properties while being of lower density and/or weight. Accordingly, the carbon fiber-
containing cementitious construction materials of the present mvention provide the
required structural performance while being lighter and therefore easier to handle and
manipulate. This increase i performance with treated carbon fibers was unexpected. In
particular, it was discovered that treated carbon fibers achieved greater property
enhancements (i e, lower density and necessary structural performance) as compared to
an embodiment incorporating carbon fibers and a dispersing agent separately, at the same
carbon fiber loading. A further benefit of a highter cementitious construction matenal of
the present invention is the reduced cost associated with transportation, storage, etc.
[8021] Further, as detailed elsewhere herein, the advantageous combination of
strength and low weight allows for preparing cementitious construction materials
containing multiple lavers of MOC having different weight/densities. Generally speaking,
these materials with different layers, or regions of ditferent properties are prepared by
combining MOC-containing cementitious maternals prepared as described above, for
exarmple, with and without carbon fibers. The multiple matenals are combined prior to
and/or during the curing process to provide the construction matenal. For example, an
mner layer, or region of MOC-contaiming cementitious materials containing treated
carbon fibers as detailed herein can be combined with two outer layers prepared as
described in 1S, Patent Nos. 10,167,230, 16,167 231, 10,167,232; and 10,227 259
16022] Cementitious construction materials of the present invention are also
suitable for use m structural and decorative laminates. These laminates may include an
outer, waterproof fayer surrounding an inner layer of the mnventive cementitious
construction material having advantageous moisture-resisting properties. Laminates of
the present invention may also inchide an outer, decorative layer surrounding an inner
layer of the inventive cementitious construction material. Other construction materials of

the present invention include flooring material including, for example, luxury vinyl tile

6
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and luxury vinyl plank. More generally, various embodiments of the present invention are
directed to decorative magnesium oxide boards. For example, various embodiments are
directed to decorative material for ceilings, floors, and intertor walls,

18023} Cementitious construction materials of the present invention exhibit
advantageous water and water vapor permeability. In various embodiments, the
cementitious construction material 15 permeable to liquid water and water vapor. if a
waterproof membrane is applied, the construction material then becomes waterproof,
while the cementitious construction material remains water vapor permeable. In this
manner, cementitious construction material of the present mnvention can provide effective
moisture management.

[6024] Cementiticus construction materials of the present invention are also
suitable for use w flooring apphications, ncluding decorative flooring and also m other
decorative forms that are not flooring.

8025} In accordance with certain emnbodiments of the present invention, it has
been discovered that incorporation of carbon fibers having particular properties and/or in
a particular manner provide cementitious material and cementitious construction material
that are useful for a vanety of applications and exhubit advantageous properties. For
example, it has been discovered that light weight (e, relatively low density)
construction materials such as boards can be prepared that nonetheless provide
acceptable, if not superior strength as compared to previous MO construction materials,
as measured by flexural strength, tensile strength, impact strength, screw pull through,
and/or lateral screw pull as detailed in ICC-ES AC 386 {Acceptance Criteria for Fiber-
Rewnforced Magnestum-Oxide-Based Sheets). Furthermore, specific flexuaral strength,
and specific lateral screw pull that account for the changes in density provide significant
performance enhancements.

18026} In accordance with some embodiments of the present invention, it has also
been discovered that the incorporation of a siliconate provides a cementitious material
and cementitious construction material that 1s useful for a variety of applications and
exhibit advantageous properiies. For example, it has been discovered that light weight

(1e., relatively low density} construction materials such as boards can be prepared that
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nonetheless provide acceptable, if not superior strength as compared to previous MQOC
construction materials, as measured by flexural strength, tensile strength, impact strength,
screw pull through, and/or lateral screw pull as detailed in ICC-ES AC 386 (Acceptance
Critenia for Fiber-Reinforced Magnesium-Oxide-Based Sheets). Furthermore, specific
flexural strength, and specific lateral screw pull that account for the changes in density
provide sigmificant performance enhancements.

16027} Further advantageously, the properties of the cementitious material and
construction material provided by the carbon fibers may be combined with the improved
cementitious material that is a precursor of a magnestum oxychloride cement prepared in
accordance with the method detailed herein that exhibits advantageous properties
urespective of carbon fiber addition.

[8028] When combined and allowed to react, magonesium oxide and magnesium
chloride form an amorphous phase. Addition of a stabilizing maternial (e.g., phosphorous
acid and/or phosphoric acid) to the amorphous phase precedes curing and crystallization
of a portion of the amorphous phase, while simultaneously forming a nano-molecular
veneer encapsulating the crystallized portion of the amorphous phase. The nano-
molecular veneer may also be described as a phosphorus-containing protective layer.
Since the amorphous protective layer has reduced water solubility, it 15 not susceptible to
moistare or dissolution i water at elevated temperatures.

[8029] Overall, the cementitious material of the present invention provides
mereased cement stability when submerged in water, including at temperatures up to
60°C. This warm water stability 1s particularly advantageous in that it provides increased
stability 1 environments with high temperatures and high mosture,

16030} Without being bound by the theory, the protective layer including the
nano-molecular veneer is behieved to exhubit various other advantageous properties. For
example, the veneer, or layer does not contain detectable magnesium phosphate by
routine test methods, thereby confirming the presence of the nanomeolecular venger. As
compared {o veneer-free crystallized portions the layer provides about 2% to about 49%
mcrease in surface area, thus further confirming the presence of the nanomolecular

veneger. Furthermore, the crystaliized portion with the nano-molecular veneer 1s

8
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configured to resist degradation in water having a temperature at 60°C for 48 hours.
Further advantagecusly, the cementitious construction material consisting of a
crystatlized portion with a nano-molecular veneer 1s substantially free of crystalline
silica.

16031} Without being bound by the theory, the present invention is believed to
stabilize the concrete thereby reducing the corrosion effects on other building materials in
the assembly.

10032} Also, without being bound by the theory, the present invention s also
believed to have an improved water tolerance over other types of magnesium oxychioride
cements without adding polymers or other sealants that can sacrifice some of the
excellent fire-resistant properties of magnestum oxychloride cements.

8033} The mventive and unexpected amorphous layer that protects the
magnesium oxychionde cement crystals is less detrimental to the structural strength of
the cement product than other uses of phosphoric compounds have proven to be.

[8034] Benefus of the present invention are believed to mclude an increased
cement stability when submerged n water at temperatures up to 60°C, a physical property
that determines warm water stability for the above cement, and the need for no additional
fime as compared to previous process for preparing cementitious construction materials.

18035] The mmvention generally relates to a process for making an ulirastable
cementitious material with nano-molecular veneer and an ultrastable cementitious
material with nano-molecular veneer.

[8036] The present invention also generally relates to cementitious construction
materials prepared by curing the cementitious material.

166371 The invention further refates to the formation of a tile backer board
consisting of a crystallized portion with an amorphous nano-molecular veneer
substantially free of crystalline silica. In certain embodiments, the present invention 18
directed to the formation of a tile backer board comprising a cementitious material as
described herein poured over a reinforcing component.

10038 Benefits of the tile backer board of the present invention inchide increased

cement stability when submerged in water at temperatures up to 60°C. Without being
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bound by the theory, it i1s believed that the present invention provides a tile backer board
with a protective layer that 18 not susceptible to moisture or water dissolving at elevated

temperatures.

Cement/Cementitious Material and Process for its Preparation

0039} The term "cementitious material” as used herein refers to a precursor of a
magnesium oxychioride cement material, which include magnesium oxide, magnesium
chloride, and a stabilizing material containing a phosphorus-containing compound (e.g.,
phosphoric acid and/or phosphorous acid}. This cement/cementitious material can include
the components used for forming magnesium oxychloride cement and, optionally, may
imclude other additives, such as various aggregate components. When referring to
"cernentitious” or "cement” material it 15 to be understood this refers to the cement
material that has not been cured and/or formed nto a forro for use. "Cementitious
construction material” when referred to herein 1s intended to refer to a final cured cement
material that typically includes other coraponents such as aggregates, remforcing
material, lanunates, etc. The cementitious construction material of the present nvention
meludes magnesium oxychloride and may also mclude magnesium oxychlonde crystals,
mcluding those at least partially surrounded by a phosphorus-containing stabilizing laver
that may be m the form of a nano-molecular veneer. When referring o "magnesium
oxychloride cement” 1s to be understood this references the final cured cement material
comprising magnesium oxychloride.

[8048] As described m further detail below, 10 certain embodiments of the present
mvention, the process for preparing the cementitious material comprises blending
magnesium oxide and a magnesium chioride solotion to form a hquid mixture that will
cure to form magnesium oxychloride, blending treated carbon fibers into the hiquid
mixture {o achieve a desired consistency, dispersion, and density, and adding other
additives to the higuid mixture, such as siliconate to achueve desired consistency,
dispersion and density. In other embodiments, the process for preparing the cementitious
material comprises blending magnesium oxide and a magnesiem chloride solution to

form a liquid mixture that will cure to form magnesium oxychloride and mtroducing a
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siliconate and other additives to the liquid mixture to achieve desired consistency,
dispersion and density.

[8041] As described in greater detail below, additional components, generally
referred to as an "aggregate” may optionally be included.

16042} Irutially, in a process for preparing a cementitious material of the present
invention, solid magnesium oxide is mixed with an aqueous magnesium chioride solution
to form of a liguid mixture. Typically, the magnesium oxide and agueous magnesium
chloride (1.e, a magnesium chloride brine} are combined to provide a weight ratio of
Mg : MgCl of from about 1.5:1 to about 5:1, from about 1.5:1 to about 4: 1, from about
1.5:1 to about 3:1, from about 1.0:1 to about 3:1, from about 1.7:1 to about 3:1, from
about 1.8:1 to about 3:1, or from about 1.9:1 to about 2.9:1. In another embodiment, the
compounent are combined to provide a weight ratio of MgQO | MgCh of from about 2.0:1
to about 511, from about 2.0:1 to about 4: 1, from about 2.0:1 to about 3:1, from about
2.0:1 to about 2.9:1, from about 2.0:1 to about 2.8:1, from about 2.0:1 to about 2.7:1, or
from about 2.0:1 to about 2.6:1. The ranges, concentrations, proportions, tatios, etc.
specified here and elsewhere herein are exemplary and the precise concentrations, ratios,
etc. will depend on the particular circumstances. In one embodiment, the process may be
generally governed by the goal of providing MgO, Mg(Ch, and water 10 a stoichiometric
molar ratio of 5:1:13.

[8043] The magnesium oxide 18 typically in the form of a dry powder having a
magnesium oxide content of from about 70 wi¥s to about 99.9 wit%, from about 75 wit¥s
to about 99.9 w9, from about 80 wiSs to about 99.9 wite, or from about 80 wit¥s to about
99.5 wi%. In another embodiment, the magnesium oxide i1s i the form of a dry powder
having a magnesium oxide content of from about 65 wt% to about 99 wit%, from about
70 wi%s to about 99 wite, from about 75 wite to about 99 wi%, from about 76 wi% to
about 99 wi%, from about 78 wi% to about 99 wi%, from about 80 wit% to about 99 wils,
from about 82 wi% to about 99 wi%, or from about 82 wi%% io about 98 wi%.

[8044] Generally, the magnesium oxide has a surface area ranging from about 5

m?/g to about 50 m%g and an average particle size ranging from about .3 to about 90

11



WO 2023/014826 PCT/US2022/039324

microns wherein more than about 90% by weight magnesium oxide particles are less than
or equal to about 40 microns.

[8045] Typically, the amount of magnesium oxide utilized s selected to achieve a
total magnesiom oxide content of from about 28 wi% to about 40 wt%, or from about 30
wi%e to about 38 wit% based on a final total weight of the cementitious material.

0046} The agueous magnesium chloride 1s generally i the form of a solution.
For example, the magnestum chloride may be in the form of a solution comprising from
about 20 wit% to about 30 wi%6, from about 21 wit% to about 30 wi, from about 22 wi%e
to about 30 wt%, from about 23 wi% to about 30 wit%, from about 23 wi%s to about 29
wi%, or from about 23 wit% to about 28 wt% magnesium chloride in water. In certain
embodiments, the water and magnesium chloride are present in a weight ratio of from
about 10:1 to about 20:1, from about 11:1 to about 20:1, from about 12:1 to about 20:1,
from about 13:1 to about 20:1, from about 13:1 to about 19:1 from about 13:1 to about
18:1, or from about 13:1 to about 17:1.

[8047] The magnesium chlonide solution 1s generally utilized m a proportion
suttable to provide a total magnesium chlorde content of from about 30 wt%% to about 70
wi%, from about 52 wi%e to about 70 wit%, from about 54 wt%% to about 70 wi%, from
about 56 wit% to about 70 wi®4, from about 56 wit®s to about 69 wile, from about 56 wi%
to about 68 wt%s, or from about 36 wi%s to about 67 wiSs based on a final total weight of
the cementitious maternal,

[8048] The magnesium oxide and the magnesium chionide sohution react to form
a hgpad mixtore, Generally, this hguid maxtare will orystalize into the solid magnesium

oxychloride cement gpon curing,

Stabihizine material

18049] As noted above, the cementitions matenal of the present invention is
directed to a magnesium oxychloride cement material which includes magnesium oxide,
magnesium chloride, and a stabilizing material containing a phosphorus-containing
compound. Generally, the stabilizing material comprises phosphorous acid (HzPOs)

and/or phosphoric acid (H3PQG4).
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18056 In certain embodiments, the stabilizing material is introduced into the
fiquid suspension of magnesium oxide and the magnesium chloride solution ina
proportion such that the stabilizing material concentration, based on the final total weight
of the cementitious material) 1s from about 0.1 wt% to about 10 wi%, from about 0.1 wt%
to about ¢ wt%s, from about 0.1 wi% to about 8 wi%s, from about 0.1 wi%s to about 7 wi%s,
from about 0.1 wi% to about 6 wi%, from about 0.1 wi% to about 5 wi%, from about 0.1
wi%s to about 4 wi%, from about G.1 wi% to about 3 wi%s, from about 0.1 wi% to about 2
wi%, from about ¢.1 wi% to about 1 wi%e, from about 0.1 wi% to about 0.8 wi%.

16051 In one embodiment, the statilizing matenal introduced into the liguid
suspension is an aqueous solution comprising at least about 30 wi%, at least about 35
wi%a, at least about 40 wi, at least about 45 wit%, at least about 5C wi%, or at least
about 55 wi% HiPOs. To another embodiment, the stabilizing material 5 an aqueous
solution comprising from about 40 wi% to about 70 wi%, from about 40 wi% to about 65
wi%, from about 40 wi%s to about 60 wiSe, from about 45 wi%e to about 60 wt%s, or from
about 45 wit¥% to about 55 wi% of HaPOs. In still further embodiments, the stabilizing
material 15 an aqueous solution comprising at least about 30 wile, at least about 35 wi%s,
at least about 40 wi%e, at least about 45 wils, at least about 50 wt%, or at east about 55
wi% of H3PO4. In still further embodiments, the stabilizing material is an agueous
solution comprising from about 40 wt% to about 90 wi%, from about 40 wit% to about 80
wi%, from about 50 wi% to about 80 wiSs, from about 55 wi% o about 80 wis, from
about 535 wit¥ to about 75 wite, from about 55 wie to about 70 wi¥, or from about 60
wi¥% to about 70 wi%s of HsP(Oa.

18052 In some embodiments, the liquid suspension of magnesium oxide and the
magnesium chioride solution is allowed to react for a period of time from about 1 minute
to about 10 minutes, from about T minute to about 9 minutes, from about 1 minuie to
about 8 minutes, from about 1 minute to about 7 minutes, from about 1 minute to abowt 6
minutes, from about 1 minute to about 5 munutes, or from about I minute o about 4
minutes prior to addition of the stabilizing material.

16053} In further embodiments, following addition of the stabilizing material (i.e,

phosphorus-containing compound} to the liquid suspension of magnesium oxide and the

e
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magnesium chloride solution, the liquid suspension is aliowed to react with the
stabilizing material. Generally, the higund suspension is allowed to react with the
stabilizing material for a period of time from about 1 munute to about 10 minutes, from
about 1 minute to abowt 9 mimutes, from about 1 minute to about 8 minutes, from about 1
minute to about 7 minutes, from about 1 minute to about 6 munutes, from about 1 minute
to about 5 minutes, or from about 1 minute to about 4 minutes.

[6054] As detailed herein, following addition and mixing of the stabilizing
material into the liquid suspension, the cementitious material is allowed to cure, forming
magnesium oxychloride crystals. During this curing, the phosphorus-containing
stabilizing material 1s consumed into a nanc-molecular veneer, which increases the
surface area of the magnesium oxychlonide crystals, typically by from about 2% to about
49%. The nano-molecular elerents of the cured nano-molecular veneer are wsoluble in
water and the cured nano-molecular veneer protects the magnesium oxychloride crystals
from degradation. For example, the cured nano-molecular veneer has been observed to
protect the crystals of the formed cementitious matenal from degradation 1n water at
temperatures from about 20°C to about 60°C for from about 24 hours to about 56 days.

18055 In certain embodiments, the cementitious construction material (1 e, cured
cementitious material) 1s characterized by one or more of the following: {1} from about S
wi% to about 50 wi% of a phosphorus-containing amorphous laver, as determined by X-
Ray Diffraction (XRD); (1) a magnesium oxychloride crystal content, after a 24-hour
soak i water having a temperature of 60°C, of from about 40 wi% to about 90 wt%, as
determined by X-Ray Diffraction; and/or (i1} a BET surface area of from about 20 m*/g
to about 30 m¥g. Typically, the cementitious material is substantially free of magnesium
phosphate.

18056] For example, the cementitious construction material may comprise from
about 5 wit% to about 45 wi%, from about 5 wi¥s to about 40 wi%s, from about 5 wi% to
about 35 wi%, from about 5 wi¥s to about 30 wi%, from about 5 wi% to about 25 wi%,
or from about 5 wi% to about 20 wi%s of a phosphorus-containing amorphous layer, as
deternuned by X-Ray Diffraction (XRD}. In another embodiment, the cementitious

construction material may comprise from about 10 wit% to about 50 wit%, from about 15
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wi%s to about 50 wi%, from about 20 wiSs to about 50 wi%, from about 25 wi% to about
50 wi%, from about 30 wi to about 50 wi%s, from about 35 wit¥% to about 50 wi%e, or
from about 40 wi% to about 50 wi% of a phosphorus-containing amorphous layer, as
deternuned by X-Ray Diffraction (XRD}.

16057 In one embodiment, the construction material may comprise a magnesium
oxvchloride crystal content, after a 24-hour soak in water having a temperature of 60°C,
as determined by X-Ray Diffraction, of from about 45 wit% to about 95 wt%, from about
45 wi% to about 90 wi%s, from about 50 wt% to about 90 wi%, from about 55 wit% to
about 90 wt%, from about 60 wit% to about 90 wi%, from about 65 wi% to about 90 wi%s,
from about 65 wi% to about 85 wit%, from about 65 wi% to about 80 wit%s, or from about
63 wt% to about 75 wi%. In another embodiment, the construction material may
comprise a magnesium oxychloride cryvstal content, afier a 24-hour soak 1n water having
a temperature of 60°C, as determuned by X-Ray Diffraction, of from about 4 wi% 1o
about 5 wi%, from about & wi% to about 530 wit%, from about 8 wt%s to about 50 witbe,
from about 10 wt% to about 50 wi%, from about 15 wi%s to about 50 wiSs, from about 20
wi% to about SO wi%s, from about 25 wiSe to about 30 wit%, from about 30 wit% to about
30 wi%, {rom about 35 wi%s to about 50 wi%e, or from about 40 wit%s to about 30 wi%. In
a further ernbodiment, the construction material may comprise a magnesium oxychloride
crystal content, after a 24-hour soak in water having a temperature of 60°C, as
determined by X-Ray Diffraction, of from about 2 wi%e to about 50 wit%, from about 2
wi%s 1o about 45 wi%, from about 2 wi% to about 40 wiSe, from about 2 wi% o about 35
wi%, from about 2 wi% to about 30 wi%s, from about 2 wi% to about 25 wi%, from about
2 wi% to about 20 wi%s, from about 2 wiSo to about 15 wis, from about 2 wi™ to about
10 wit%o, from about 2 Wit to about 8 wi¥, from about 2 wi% to about 6 wi%, or from
about 2 wi% to about 4 wit%.

[8058] In still further embodiments, the cementitious construction material may
comprise a BET surface area of from about 22 m*/g to about 30 m¥g, from about 24 m”/g
to about 30 m?¥/g, from about 26 m?/g to about 30 m*/g, or from about 28 m?%/g to about 30

m’/g. In another embodiment, the cementitious construction material may comprise a
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BET surface area of from about 20 m%/g to about 28 m?/g, from about 20 m¥/g to about

26 m*/g, from about 20 m*/g to about 24 m¥/g, or from about 20 m*¥/g to about 22 m%/g.

{arben fiber

18059 In accordance with one embodiment of the present invention, it has been
discovered that adding carbon fibers to the hiquid mixture formed from combining
magnesium oxide and magnesium chloride results in a cementitious material that when
cured provides a cementitious construction material exhibiting advantageous properties.
Along with the advantageous properties provided by the magnesium oxychloride, the
presence of these carbon fibers is currently believed to provide a cementitious
construction material exhibiting one or more desired property, such as density, weight,
efe.

18066 In certain embodiments of the present invention, the carbon fibers
mtroduced into the liquid mixture are treated carbon fibers comprising a dispersing agent
at least partially coating the carbon fiber.

[8061] Generally, the dispersing agent may be any dispersing agent that 1s
suttable for wet-lay apphications and capable of compatibilizing a hydrophobic
compounent such as the carbon fiber in a hyvdrophilic matrix. For example, suitable
dispersing agents are typically hydrophilic or water-soluble or water-dispersible matenials
and may be selected from the group consisting of anionie, cationic, zwitterionc and
nonmonic surfactants, anti-static or polymers, and combinations thereof. However, the
dispersing agent apphed to the carbon fibers must be selected such that it does not
sigmficantly interfere with the reaction between magnesium oxide and magnesium
chioride and subsequent crystallization upon addition of the phosphorus-containing
stabilizing material. Further, the dispersing agent must be capable of combatibilizing the
hydrophobic carbon fibers within a magnesiom oxychloride precursor mixture at
relatively low loadings. In accordance with various embodiments, the dispersing agent
used to treat the carbon fibers comprises a nonionic component, an anionic component or
a blend of non-1onic and anionic components, wherein, for example, a phosphate 1onic

group or similar moiety i1s utilized to provide the anionic nature. In certain embodiments,
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the dispersing agent comprises a hydrophilic component such as a hydrophilic gil-based
finish.

[8062] Non-limiting examples of suitable dispersing agents inchude Lurol PP-912,
Lurol 100, Lurel PS-13460, Lurol PS-13253 {commercially available from Goulston
Technologies, Inc.} and mixtures thereof

0063} In some embodiments, the dispersing agent may constitute at least about
0.5 wt.%, at least about 0.75 wt.%, at least about 1.0 wt.%, at least about 1.25 wt.9%, at
least about 1.5 wt.%, or at least about 1.75 wi.% of the total weight of the treated carbon
fibers. In another embodiment, the dispersing agent may constitute from about 0.5 wt.%
to about 5 wi.%, from about 0.5 wt.% to about 4 wt.%, from about 4.5 wt.% to about 3
wit.%, from about 1.0 wi.% to about 3 wi.%, or from about 1.5 wt.% to about 3 wt.% of
the total weight of the treated carbon fibers.

[8064] In certain embodiments, the carbon fiber and dispersing agent can be
separately introduced mto the hiquid mixture. In such embodiments, the weight ratio of
carbon fiber to dispersing agent blended into the liguid nuxture 1s about 1:1 or greater,
about 2:1 or greater, about 4:1 or greater, about 6:1 or greater, about 81 or greater, about
10:1 or greater, about 15:1 or greater, or about 20:1 or greater. Tn another embodiment,
the weight ratio of carbon fiber to dispersing agent blended nto the hquid mixture s
from about 0.1:1 to about 20:1, from about 0.1:1 to about 15:1, from about 0.1:1 to about
1G:1, from about 0.5:1 to about 1011, from about 1:1 to about 161, or from abouwt 1.5:1 to
about 1011,

[8063] Generally, the carbon fibers (whether treated or untreated) bave a largest
dimension greater than about 3 mm. For example, in one embodiment the carbon fibers
have a largest dimension of greater than about 4 mm, greater than about 5 mum, greater
than about 8 mm, greater than about 10 mm, greater than about 12 mm, greater than
about 15 mm, or greater than about 20 mm. Generally, the upper linmut for the largest
dimension of the carbon fibers s that which aliows for acceptable dispersion throughout
the cementitious material and resulting cured cementitious construction material. In

various embodiments, the carbon fibers may have a largest dimension of from about 3
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mm 1o about 25 mm, from about 3 mm to about 20 mm, from about 4 mm to about 15
mum, or from about 4 mm to about 12 mm.

18066] Along with a largest dimension {1.e., length}, the carbon fibers also have a
diameter dimension. A further charactenistic of carbon fibers suitable for use in the
present invention is the aspect ratio {the ratic of the length, 1e., longest dimension, to the
diameter). In certain embodiments, the aspect ratio of carbon fibers suitable for use in the
present mvention is at least about 250, at least about 300, at least about 350, at least about
400, or at least about 425

[8067] Various carbon fibers may be utilized 1n accordance with the present
ivention. For example, the carbon fibers may be selected from the group consisting of
grade A carbon fiber, grade B carbon fiber, standard modulus carbon fiber, intermediate
modulus carbon fiber, high modulus carbon fiber, ulira-high wodulus carbon fiber,
recycled carbon fiber and mixtures thereof.

[8068] The manner of addition of the carbon fiber 1s not believed to be critical
and may be added all at once or metered into the hiqud mxture over a peniod of time.

8069} The carbon fiber is typically blended into the liquid muxture along with
agitation sufficient to disperse the carbon fiber throughout the liquid nuxture. Suitable
agiiation can be provided by blending the carbon fiber into the higund muxture utilizing an
wmpeller operated at from about S Hz to about 70 Hz, from about 10 Hz to abowut 70 He,
from about 10 Hz to about 65 Hz, or from about 10 Hz to about 60 He,

18078] Typically, the carbon fiber 15 blended into the liquid mixture for at least
about 1 minute, at least about 2 minute, or at least about 3 munutes {e.g., from about 1 to
about 10 minutes), depending on the mixer speed. At low speeds, ¢.g., tess than about 20
Hz, the time of muxing could exiend beyond about 10 minutes.

18871} Overall, the carbon fiber is blended into the liquid mixture under
conditions that provide at least some degree aeration of the liquid mixture to reduce the
liquid density and cured board density. It is currently believed that aeration of the hiquud
muixture promotes formation of a final cementitious construction material exhibiting the
desired and advantageous properties. For example, it 1s currently believed that some

degree of aeration of the liquid mixture provides a material having a desirable and/or
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advantageous density, thereby providing desired performance of the final construction
material.

18072] As noted above, one advantage of cementitious material of the present
mvention containing carbon fiber is providing construction material of relatively low
weight and density, while exhititing suitable and often superior strength and performance
properties as compared to other cementitious construction material and other mineral
construction materials (e g., drywall}. In accordance with the present invention it has
been discovered that achieving a target density of the higuid mixture having the carbon
fiber blended therein contributes to the advantageous combination of weight/density and
strength and performance of the resulting construction material. Generally, in accordance
with the processes of the present mvention, the carbon fiber 18 blended mto the iquid
mixture until a target density of the hquid mixture of at least about 0.2 g/ml., at least
about 0.3 g/mL, at least about 0.4 g/mL, at least about 0.5 g/mL, at least about 0.55 g/mi.,
or at least about 0.65 g/ml. 15 achieved. In other embodiments, the carbon fiber s blended
mnto the quid mixture votil a target density of the hiquid mixture of about 2 g/mlL or less,
about 1.5 g/mL or less, about 1.4 g/mL or less, about 1.3 g/roll or less, about 1.2 g/ml. or
less, about 1.1 g/mL or less, about 1 g/ml or less, about 0.9 g/l or less, about 0.8 g/mL
or less, or about 0.7 g/mL or less 18 achieved. Tn still further embodiments, the carbon
fiber 15 blended into the liguid muxture until a target density of the hquid mixture of from
about 0.5 to about 2 g/ml., from about 0.5 to about 1.5 g/ml., from about 0.5 to about 1.4
g/mL, from about 0.5 to about 1.3 g/ml, from about 0.5 to about 1.2 g/ml, from about
G.5 to about 1.2 g/mL, from about 0.6 to about 1.2 g/mL, or from about 0.6 to about 1.0
g/mL 18 achieved. In other embodiments, the carbon fiber 1s blended mnto the hiqud
muxture unit a target density of the hquid muxture of from about 0.6 g¢/mL to about 1.3
g/mL.

18073} In accordance with the present invention it has been discovered that the
carbon fiber loading impacts performance properties of the resulting cementitious
construction material that include but are not limited to flexural strength, lateral screw
pull strength, modulus of elasticity (MOE), density and specific properties adjusted for

material density and/or thickness. One embodiment of the present invention 1s directed to
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cementitious construction materials comprising from about 0.1 wit% to about 0.5 wt%,
from about 0.1 wi% to about 0.75 wi%, or from about 0.1 wi% to about 1.0 wi% of
carbon fibers. Other embodiments, of the present invention are directed to cementitious
construction materials comprising from about 0.3 wit% to about 0.5wt%, from about 0.3
wi%s to about 0.75 wi%, or from about 0.3 wi% to about 1.0 wi% of carbon fibers.

10074} A particularly surprising aspect of the present invention 15 the relative
increase in the desired properties with the addition of relatively low amounts of treated
carbon fiber (less than about 1 wt%). Overall, the discovery that utilizing a small
percentage of treated carbon fiber {e.g., about 0.5 wt%) provides significant advantages
was surprising. Furthermore, it was discovered that property enhancements were greater
when the carbon fiber was treated with a dispersing agent {dispersing finish} as compared
1o an embodiment comprising a combination of untreated carbon fibers and the dispersing
agent {dispersion finish) i the hiquid mixture. That s, the inclusion of already treated
carbon fibers demonstrated a greater unprovement in desurable properties than the
melusion of untreated carbon fibers and a dispersing agent into the cementitious material.

16075} Additionally, 1t was unexpectedly discovered that the property
mmprovements obtained by mcorporating lower amounts of carbon fiber {e.g , about 0.5
wils) were greater than improvements seen when utilising relatively high amounts of
glass, aramud, and/or hydrocarbon fiber (e g., from about 2 wi% to about 3 wi%}.

18076} It was observed that once the proportion of carbon fiber reached a certan
point, additional benefits were not achieved and, in some cases, the additional amounts
may in fact be detrimental to certam properties. Therefore, 10 various aspects the present
mvention mvolves mcorporating a relatively low proportion of carbon fibers (1.e, less

than about 1 wt%).

Siliconate

18877} Further in accordance with the present invention, it has been discovered
that incorporation of a siliconate nto the cementitious material of the present invention
can be advantageous. Stliconates are generally known for therr ability to contribuie to

water repellency, corrosion resistance, adhesion promotion, increased durability, etc. of a
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final product. In certain configurations, siliconates have previously been used as a post-
processing water treatment or sealant component. That is, as a component added to the
surface of an already formed article. In contrast, siliconates are used in embodiments of
the present invention in sifu during formation of the cementiticus material.

18078} In the present invention, the siliconate 1s generally incorporated into the
cementitious material in accordance with the processes described above regarding
mcorporation of carbon fibers and stabilizing material. 1t has been observed that
incorporating a siliconate provides advantages in terms of the final properties of the
construction material in addition to the advantages typically observed. For exampile, 1t has
been observed that the presence of the stliconate may function as a porosity/pore volume
and/or density modifving component. That s, 1t has been observed that incorporating a
siliconate component provides a final cementitious construction material having a high
porosity/pore volume and/or lower density as comopared to a cementitious construction
material prepared without incorporating a siliconate. Without being bound by the theory,
it 13 believed that upon nuxing the cementitious material, the siliconate contributes to the
entrainrnent of gas/awr in the cementitious material For example, when the components of
the cementitious matenial are combined under conditions that provide aeration to the
mixture, the siliconate may contribute to the entrainrnent of air within the cementitious
material. It may be desirable to entrain gas/air in the cementitious material and resulting
cementitious construction material wherein a decreased density 15 desired.
Advantageously, the mcrease in porosity/pore volume and/or reduction n density are not
accompanied by any significant sacrifice in structural strength or performance properties
of the siliconate-containing cementitions construction material. For example, the
cementitious construction materials described herein comprising a siliconate may exhibit
the required structural performance/properties while at the same time being lighter and
therefore easter to handle and manipulate, due to the entrained gas/air. A further benefit
of a lighter cementitious construction material of the present invention is the reduced cost
associated with transportation, storage, etc.

18079} Generally, the siliconate is an organic modified alkali silicate of the

formuia R-85103” M7, wherein R 1s an organic moiety and M 1s an alkali metal cation. In
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certain embodiments, R may be an organic moiety selected from the group consisting of a
substituted or unsubstituted alkyl, alkenyl, cycloatkyl, aryl, hetercaryl, heterocycle, or
arylalkyl. In some embodiments M may be selected from the group consisting of
lithium, sodium, potassium, rubidium, cestum, and francium. In certain embodiments, M
is sodium or poiassium.

0088} In certain embodiments of the present invention, the siliconate is an alkali
metal organostliconate such as an alkali metal alkylsiliconate or alkali metal
phenyisiliconate. For example, the siliconate 1s selected from the group consisting of
sodium methylsiliconate, sodium ethylsiliconate, sodium propylsiliconate, potassium
methylisiliconate, potassium ethylsiliconate, potassium propylstliconate, sodium
phenylsiliconate, sodium benzyisiliconate, potassium phenylsiliconate, potassium
henzylsiliconate, and combinations thereof. In certain embodiments, the siliconate s
selected from the group consisting of sodium methylsiliconate, sodium ethylsiliconate,
potassiurn methyisidiconate, potassium ethylsiliconate, and combinations thereof In st
further embodiments, the siliconate may be selected from sodiur trimethyl siliconate or
potassiurn trimethyl siliconate.

[8081] Non-limiting examples of suttable siliconates include XTAMETER OFS-
0777 Siliconate, XIAMETER OFS-0772 Siliconate (commercially available from Dow
Silicones Corporation) and nuxtures thergof

8082} In vanious embodiments, the siliconate 1s incorporated along with a
stabilizing material, but without carbon fibers being incorporated. In still other
embodiments, the sithiconate 18 incorporated along with a stabilizing matenal and carbon
fibers,

[6083] Une embodiment of the present invention is directed to a cementitious
material and the resulting cementiticus construction material comprising magnesium
oxychloride crystals and a siliconate. Another embodiment of the present invention is
directed to a cementiticus material and the resulting cementitious construction material
comprising magnesium oxychloride crystals, carbon fibers, and a siliconate. A still
further embodiment of the present invention 1s directed to a cementitious material and the

resplting cementitious construction material comprising magnesium oxychloride crysials,
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treated carbon fibers comprising a dispersing agent at least partially coating the carbon
fibers, and a siliconate. Additionally, a stabilizing material may be incorporated 1in any of
the above embodiments.

10084} In embodiments directed to processes for making a cementitious material,
the siliconate may be introduced into a hiquid mixture, wheremn the higuid mixture 13
prepared by blending magnesium oxide and a magnesium chloride solution, thereby
reacting the magnesium oxide and magnesium chloride. In certain embodiments, the
siliconate may be introduced into the hquid muxture prior to, along with, or after
mtroduction of a stabilizing maternial.

0085} In certain embodiments of the present invention, the cementitious material
comprising from about 0.1 wt% to about 5 wt%, from about 0.1 wi% to about 4 wit%s,
from about 0.1 wt% to about 3 wi%, from about .1 wi% to about 2 wit%, from about ¢.1
wi% to about 1.8 wi%, from about 0.1 wt% to about 1.6 wi%s, from about 0.1 wit%e to
about 1.4 wi%s, from about 0.1 wie to about 1.2 wide, from about 0.1 w6 to about 1
wi%s, from about 8.2 wi%% to about 1 wite, from about 0.2 wit%s to about 0.8 wt%, or from
about 0.4 wit% to about 0.8 wit% of a siliconate.

[8086] In certain embodiments of the present invention, the cementitious
construction material comprising from about 0.1 wt% to about 5 wi%, from about 0.1
wit%e to about 4 wi%, from about .1 wi%e 1o about 3 wi%, from aboui 0.1 wiSe to aboui 2
wi%, from about 0.1 wi%e to about 1.8 wi%s, from about 0.1 wit% to about 1.6 wit¥s, from
about 0.1 wi%s to about 1.4 wi%, from about 0.1 wi% to about 1.2 wi%, from about 0.1
wi% to about 1 wiSs, from about G.2 wi% to about T wiSe, from about 0.2 wi to about
(.8 wi%, or from about 0.4 wi% o about 0.8 wi% of a siliconate.

16087] The advantages of the presence of a siliconate are independent of
mcorporating carbon fibers but, advantagecusly, may also be combined with the
advantages of incorporating carbon fibers discussed above. In certain embodiments, the
siliconate 1s incorporated n a cementitious material and resulting cementitious
construction material comprising treated carbon fibers.

6088} Without being bound by the theory, it is also believed that the siliconate

contributes to the compatibility and/or dispersing of sohid materials incorporated into the
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cementitious material and resulting cementitious construction material. For example, in
embodiments comprising carbon fibers, it is believed that the presence of a siliconate
contributes to uniform dispersing of the carbon fibers within the cementitious material
and resulting cementitious construction material (Le., the reduction in "clumping” of
carbon fibers within the cementitious construction material). It is believed that this
compatibility and/or dispersing effect of the siliconate is present whether the carbon
fibers are treated {1 e., at least partially coated with a dispersing agent) or not. It 15 also
believed that the siliconate contributes to this effect even when the solid materials have a
large dimension {e.g., carbon fibers having a length greater than about 3 mm, greater than
about 4 mm, greater than about 5 mm, greater than about 10 mm, or greater than about 20
mm).

[8089] Without being bound by the theory, it 1s believed that fully mixing the
solid components into the hiquid mixture prior o the introduction of the siliconate allows
for increased utility of the siliconate. If the siliconate 15 added to the hiquid mixture before
the soluds, the siliconate will interact with the hquid mixture and exhibit less 1nteraction
with the solids. I the hquid mixture and solids are not fully nuxed prior to the
miroduction of the siliconate, the siliconate may preferentially mteract with the sohids and
present only localized effects. By fully muang the hiquid maxture and the solids prior to
mitroducing the siliconate, the full effect of the siliconate can be realized and the density
of the combination may be conirolled (i.e, lowered} as compared to a comparable non-
sificonate containing composition.

[809¢] Further, without being bound by the theory, it 18 believed that as the
toading of sohids (e.g., carbon fibers and/or aggregates) increases, the siliconate
component surprisingly contributes to a further lowering of the density. That is, as the

solids content increases, the benefits of the siliconate are more pronounced.

Avoveeate/Additional Components

18091} In certain embodiments, the cementitious material of the present invention
may further comprise an aggregate or other additional component As used herein, the

term “aggregate” includes filler or solid material, for example, selected from the group
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consisting of calcium carbonate, perlite, wood, cellulosic material, chopped fiber, glass,
foam beads {(e.g., expanded polystyrene beads), recveled magnesium oxychloride, and
combinations thereof In certain embodiments, the cementitious material of the present
mvention comprises one or more aggregate selected from the group consisting of calcium
carbonate, perlite, wood, glass, foam beads {e g., expanded polystyrene beads), or
recycled magnesium oxychloride. In one embodiment, the cementitious material of the
present invention comprises calcium carbonate, perlite, wood, glass, foam beads (e g,
expanded polystyrene beads), and recycled magnesium oxychloride. In certain
embodiments, the wood may comprise wood flour.

10092} In processes of the present invention for preparing cementitious material
and resulting cementitious construction materials comprising treated carbon fibers, the
aggregate may be added to the cementitious material with the carbon fibers, after addition
of the carbon fibers and before addition of the stabilizing material, with the stabilizing
material, or after addition of the stabilizing matenal.

18093 In processes of the present invention for preparing cementitious material
and resulting cementitious construction materials comprising a siliconate, the aggregate
may be added to the cementitious material with the siliconate, after addition of the
siliconate and before addition of the stabilizing matenial, with the stabilizing matenal, or
after addition of the stabilizing material.

18094} In certain embodiments, the process for making a cementitious maternial
may comprise blending the solid components {1.e., carbon fibers and/or aggregate
materials) into the hquid mixture comprising magnesium oxide and a magnesium
chloride solution and fully mixing the components prior to introduction of the siliconate,
as described above.

8095} In other embodiments, the ligind mixtore and solid components arg
prepared separately. The solid components may then be subjected to mixing while the
fiquid mixture 1s slowly added. In certain embodiments, the stabilizer and/or siliconate
component may be added after the separate sohid and liquid mixtures are fully combined.

18096} In certain embodiments, the total aggregate 1s added in a proportion of

from about 0.1 wi% to about 45 wi%, from about (.1 wi%s to about 40 wi¥, from about
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0.1 wi% to about 35 wiSs, from about 0.1 wit% to about 30 wit%, from about 0.5 wi% to
about 30 wi%, from about 1 wi¥s to about 30 wi%, from about 5 wi% to about 30 wi,
from about 10 wi% to about 30 wi%, or from about 15 wi% to about 30 wi®s of the final
weight of cementitious material.

(6097} In various embodiments, the aggregate typically comprises particles
having a largest dimension {e g., diameter) of from about 1 nm to about 25 mm, from
about 1 nm to about 20 mm, from about 1 nm to about 15 mm, from about | nm to about
10 mm, from about 1 nm to about § nun, from about 1 nm to about & mm, from about 1
nm to about 4 mm, or from about I nm to about 2 mm.

[0098]

Reinforcine Material

[8099] A remnforcing material can be added, typically before curing, such that
final cementitious construction matenial includes the reinforcing material. The reinforcing
material ay be incorporated in a proportion of from about 0.1 wi% to about 30 wi%,
from about 0.1 wi% to about 25 wi%, from about 0.1 wi% to about 20 wi%, from about
0.1 wi% to about 15 wi%s, from about 8.1 wite to about 10 wit¥s, from about .1 wile to
about 5 wi%s, from about 0.5 wit% to about 5 wi%, or from about 1 wt% to about 5 wi%
of the cementitious material.

60106} The reinforcing material can be, for example, a non-woven or
woven stlica containing mat, a non-woven, or woven hydrocarbon contaming mat. In one
embodiment, the reinforcing material can be selected from the group consisting of
chopped silica contaiming fibers, hemp containing fibers, nano-molecular carbon fiber
strands, chopped carbon fibers, chopped hydrocarbon fiber, and combinations thereof.

100161} in vanations of the cementitious construction material, prior to
crystatlizing the amorphous phase, an additional substrate can be introduced and coated
with the cementitious construction material having oriented strand board, plywood,
waterproof membrane, concrete, and wood, and coated with the amorphous phase

mncreasing fire resistance and stability in hot water.
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MNoncombustible Cementitious Construction Material

60162} Advantageously in accordance with the present invention it has
been discovered that various embodiments of the cementitious construction material of
the present invention meet the noncombustibility requirements of ASTM E136 (Standard
Test Method for Assessing Combustibility of Materials Using a Vertical Tube Furnace at
750°C, as defined in the 2012, 2015 and 2018 IBC Maodel Codes). In accordance with
certain embodiments, the cementitious construction material comprises magnesiim
oxvchloride crystals and/ the cement-based construction material has a density of less

than about 1.3 g/mi.

Curing

(60103} Following ncorporating all components of the cementitious
material, including the carbon fibers and/or siliconate, optional aggregate, and any
optional reinforcing matenal, the cementitious material is cured under controlled
terperature and hunudity. For example, the cementitious material may be cured at a
temperature between about room temperature (i.e., 20°C) and 60°C and a relative
bumidity of from about 20% to about 70%. Curning typically mvolves pouring the uncured
material onto a mold and curing the material to form the cementitious matenal.

1601064} In one embodiment, the curing process typically lasts at least
about 60 minutes, at least about 90 munutes, at least about 120 minutes, or at least about
150 munutes. In another embodiment, the curing process lasts from about 60 minutes to
about 4 days, from about 60 minutes to about 3 days, from about 60 minutes to about 2
days, from about 60 mmutes to about T day, from about 60 munutes to about 12 hours, or

from about 60 minuies to about 300 minutes.

Cementitious Construction Material

60105} The molded, cured material can be cut or trimmed to a desired
size to form a cementitious construction materal in the form of a board. Typically, the
boards have dimensions of lengths of from about 4 to about 24 feet, widths of from about

6 inches to about 8 feet, and a thickness of from about 0.1 to about 1.5 inches.

2
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160106} The boards formed from curing the material can be the final
construction material or it can be mcorporated into one of the many arrangements

discussed herem.

Performance/Strensth Characteristics

80107} As noted above, incorporating carbon fibers s currently
believed to provide a combimation of lower weight or density board that nonetheless
exhibiis suitable strength properties, and in some instances superior performance
properties. Likewise, incorporating a siliconate with suitable aeration also provides
desirable properties. Although reference s made herein to a "board"” 1t 1s to be understood
that the discussion and properties assoctated with a cured board are equally applicable to
cementitious construction materials of other forms.

[60168] In certain embodiments, the cured board density 15 at least about
0.5 g/ml, at least about 0.6 g/ml, at least about 0.7 g/mL., at least about 0.8 g/mL, at
teast about 0.9 g/ml, at least about 1 g/ml, at least about 1.1 g/ml, at least about 1.2
g/ml, at least about 1.3 g/ml, or at least about 1.4 g/mi.. Yo other erobodiments, the
cured board density 18 about 2 g/ml. or less, about 1.5 g/mL or less, about 1.4 g/mkL or
less, about 1.3 g/ml or less, about 1.2 g/mL or less, about 1.1 g/mL or less, about 1 g/mL
or less, about 0.9 g/mL or less, about 0.8 g/mi or less, or about 0.7 g/mlL or less. In
various embodiments, the cured board density s from about 0.5 to about 2 g/mlL, from
about 0.5 to about 1.5 g/ml., from about 0.5 to about 1.4 g/ml., from about 0.5 to about
1.3 g/ml, from about 0.5 to about 1.2 g/ml, from about 0.5 to about 1 g/mL, from about
(0.6 to about T g/mL, or from about 0.6 to about 6.9 g/mil. In one embodiment, the cured
board density is from about 0.6 to about 1.4 g/mL.

1060109} The flexural strength of the cured board is typically at least
about 2 MPa, at least about 3 MPa, at least about 4 MPa, at least about 5 MPa, at least
about 6 MPa, at least about 7 MPa, at least about 8 MPa, at ieasi about 9 MPa, at least
about 10 MPa, at least about 12 MPa, at least about 14 MPa, or at least about 16 MPa.
More specifically, and consistent with the foregoing discussion, the boards of the present

invention exhibit specific {i.e., on a per unit density basis) flexural strengths suitable for
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construction applications. In one embodiment, the specific flexural strength may be at
least about 4 MPa/(g/cm?), at least about 5 MPa/g/cm’), at feast about 6 MPa/(a/cm’), at
least about 7 MPa/{g/cm’), at least about 8 MPa/(g/cm’), at least about 9 MPa/g/em’), at
at least about 10 MPa/(g/em”), at least about 15 MPa/{g/em’), or at least about 20
MPa/{g/emy’). For example, the specific flexural strength may be from about 4
MPa/{g/em’ to about 25 MPa/{g/em’), from about 5 MPa/{g/em’} to about 23
MPa/{g/cm’), from about 3 MPa/{(g/em’) to about 20 MPa/{g/cm’), from about 5
MPa/{g/em’ to about 15 MPa/{g/em’), from about 6 MPa/{z/em’) to about 15
MPa/{g/emy’), from about 7 MPa/(g/em’) to about 15 MPa/{g/em’), from about 8
MPa/(g/em’} to about 15 MPa/{g/em’), from about 9 MPa/{g/em™) to about 13
MPa/{g/cnt’), ar from about 10 MPa/(g/em’) to about 15 MPa/(z/cm’™).

60118} Further advantageously, boards of the present mvention exhubit
robust lateral screw pull strength. In some embodiments, the boards of the present
mvention exhibit a lateral screw pull strength of at least about 40 Ibf/inch, at least about
45 Ibt/inch, at least about 50 Ibf/inch, at lsast about 55 bf/inch, at least about 60 Ihf/inch,
at least about 70 Ibf/inch, at least about 80 [bf/inch, at least about 90 thf/inch, or at least
about 100 Ibf/inch. In other embodiments, the boards of the present invention extubit a
lateral screw pull strength of at least about 150 Ibf/inch at least about 200 Ibt/inch, at
least about 250 1bf/mch, at least about 300 Ibt/inch, at least about 350 Ibf/inch, at least
about 400 Ibf/inch, at least about 450 Ibf/inch, at feast about 500 Ibi/inch, at feast about
550 Ibt/inch, or at least about 600 Ibf/inch. In another embodiment, the boards exhibiia
specific lateral screw pull strength of at least about 150 Ibf/in/g/cm’), at least about 200
Ibffin/g/em’), at least about 250 Tbf/in/(g/om’), at least about 300 Ibf/in/{g/cm’), at least
about 350 Ibf/in/{g/em’), at least about 400 Ib#/in/(g/cm®), at least about 450
Ibf/in/{g/cm’), at least about 500 Ibf/in/(g/em™), at least about 550 Ibf/in/{o/cm™), at least
about 600 Ibf/in/{g/em’), at feast about 650 Ib#/in/(g/cm®), at least about 700
Ibf/in/{g/om’), at least about 750 ibf/in/{g/em®), or at least about 800 Ibf/inch/{g/on’).

160111} in certain embodiments, boards of the present invention may
exhibit a brittleness index value {1 e, length of supported span/strain at failure) of about

45 or less, about 40 or less, about 35 or less, about 30 or less, about 25 or less, about 20
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or less, about 19 or less, about 18 or less, about 17 or less, about 16 or less, about 15 or
less, about 14 or less, about 13 or less, about 12 or less, about 11 or less, about 10 or less,
about 9 or less, about & or less, about 7 or less, about 6 or less, about 5 or less, or about 4
or less. For example, boards of the present invention may exhibit a brittleness index value
from about 2 to about 25, from about 2 to about 20, from about 3 to about 20, from about
3 to about 19, from about 3 to about 18, from about 4 to about 18, from about S to about
17, from about S to about 16, or from about 5 to about 15,

180112} in some embodiments, boards of the present invention may
exhibit a modulus of elasticity of from about 0.5 GPa to about S GPa, from about 0.5 GPa
to about 5 GPa, from about 0.5 GPa to about 4 GPa, from about 0.5 GPa to about 3.3
(GPa, from about 0.5 GPa to about 3 GPa, from about 8.75 GPa 1o about 3 GFa, from
about T GPa to about 3 GPa, or from about 1.5 GPa to about 3 GPa.

[80113] Certain embodumnents of the present invention mvolve mcluding
one or more layers surrounding the board. Generally, such construction matenal mcludes
a board of the present invention along with one or more layers affixed to one or more
surfaces of the board. With reference to Fig. 1, construction material 100 mncludes a board
101 having a fust surface 103, a second surface 105 and an edge 109 between the first
surface 103 and second surface 105, Affixed to the first surface 103 15 layer 115; affixed
to the second surface 105 1s layer 120

60114} In certain embodiments a single layer (e.g., layer 115) 15 affixed
to the board. In other ermnbodiments, both layers (i.e, layers 115 and 120} are affixed to
the board.

[00115] The layers affixed to the board can be 1n many different
arrangements and for many different performance reasons. In certain embodiments, either
or both layers are waterproof layers and may further be vapor-permeable layers. Such
layers can include one or more polymeric films, including polyethviene films and/or
polypropylene films.

160116} Additionally, or alternatively, either or both of the layers may

be fiberglass or include fiberglass along with a polymeric layer {e.g., polypropylens
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mesh). Further m accordance with the present invention, either or both of the layers may
be polypropyiene mesh, polyethylene, polvester, or other suitable nonwoven polymer.

160117} Boards of the present invention alse may include multiple
regions, of layers of cementitious construction material. These multi-layered boards can
be prepared by combining uncured cementitious material of different properties (e.g.,
with and without carbon fibers) and allowing the material of different layers, or regions
to cure to form the board.

[00118] With reference to Fig. 2, board 200 includes a first layer 201, a
second layer 210, and a third layer 220. First layer 201 includes an outer surface 203, an
mner surface 205, and an edge 207 between the outer surface and inner surface. Second
layer 210 includes a first inner surface 212, a second inner surface 214, and an edge 216
hetween the wner surfaces. Third layer 220 includes an inner surface 222, an outer
surface 224, and an edge 226 between the wnner surface and the outer surface. As
depicted 1 Fig. 2, the second layer s disposed between the first and thurd layers and
covers the 1oner surfaces of each of these layers. Tn various embodiments, each of the
layers exhubits one or more different properties. For example, in certain ernbodiments,
one or more layers contains carbon fibers while one or more layers does not contain
carbon fibers. Additionally, or alternatively, lavers of different cured density may also be
combined. For example, a second layer containing carbon fibers may be combined with

layers not containing carbon fibers and having a higher cured density.

Moisture Resistance

160119} Advantageously, boards of the present mvention exhibat
moisture stability, including being stable in water at about 60°C for from about 24 hours
to about 56 days using the Jet Products, LLC Warm Water Stability Test as authenticated
by Clemson University Chemical Engineering Department in 2017, Moisture stability

allows the boards to be used in warm, hunud, and/or hurricane prone climates.

Permeability
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160126} Boards of the present invention typically exhibit a permeability
of about 2 to about 50 Perm, about & o about 30 Permy, or about 10 to about 25 Perm.

160121} As noted above, boards of the present invention may
mncorporate waterproof, vapor-permeable. This allows preparation of boards that are
waterproof to the elements (e g, rain), but provide moisture management in interior
applications though through passage of moisture through the cement material and an

interior vapor-permeable layer.

Seismic Resistance

180122} Boards of the present invention exhibit advantageous seismic
resistance. For example, boards of the present invention may exhibit a resistance to
seismic impact for earthquakes over 3.1, Typically, boards of the present mvention are
characterized by a seisnuc rating or force displacement curve that does not include a
sharp peak. In this manner, if failure does occur, the boards exhibit a less abrupt fatlure
mechanism, maintaining imtegrity after the mitial mechanical failure. In various
embodiments, boards of the present invention maintain about 70% of strength at about a

2.5 wch displacement according to ASTM E72.

Fire Besistance

160123} Boards of the present invention are also fire resistant. Typically,
i various embodiments the boards are fireproof along with advantageous seismic

resistance.

Tile Backer Board

1601 24] Boards of the present invention are suitable for incorporation in
tile backer boards, including as described in U.S. Patent Nos. 10,167 230 and 10,167,231,

incorporated by reference herein.

Flooring
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[60125] In various embodiments, boards of the present invention can be
used as a substitute for systems that typically includes multi-layver arrangements. For
example, in certain embodiments the materials used as boards for flooring are
approximately 1-inch thick. and are suitable for replacing multi-fayer arrangements that
could be up to 3 to 4 inches thick. This s a significant development both in terms of cost
and ease of manufacturing,

160126} In certain other embodiments, the present invention may be
directed to decorative flooring comprising the cementitious construction material
described herein. In one embodiment, the decorative tlooring may include multiple layers
and be, 1 total, up to about 1 inch thick, up to about 2 inches thick, up to about 3 inches
thick, up to about 4 inches thick, or up to about S inches thick. For example, the flooring
material may include three layers of about 6 mm, about 12 mm, and about 6 m
thickness respectively. Cementitious construction materials described herein may
constitute one or more of the layvers of the multiple layer decorative flooring. For
exarople, flooring materials of the present invention may combine a decorative layer, a
noise-dampening layer {e.g., foam and/or cork), along with the cementitious construction

materials layer(s).

Volumetric Modular Applications

160127} The cementitious construction material of the present invention
is suttable for use in a variety of applications that may be considered modular i nature.
Generally, the cementitious construction material 1s suitable for use 1 application where
the cement material is poured into a mold or formed into a desired shape or arrangement.
These include block structures {e.g., similar to conventional cinder block structurers),
bricks, brick-like structures {e.g., brick veneers}, and structural matenials (e.g., I-beams}.
These and other consiruction materials such as boards may be formed incorporating a
honeycomb-like structural component. In such embodiments, the cement material is

typically poured onto and/or around a honeycomb-like supporting material.
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160128} Having described the mvention in detail, it will be apparent that
modifications and variations are possible without departing from the scope of the

imvention defined in the appended claims.

Embodiments

80129} Embodiment Al 15 a cementitious construction material, the
cementitious construction material comprising magnesium oxychloride crystals and
treated carbon fibers comprising a dispersing agent at least partially coating the carbon
fibers.

80138] Embodiment AZ 15 the cementitious construction material of
embodiment Al, wherein the dispersing agent is a dispersing agent suitable for wet-lay
apphications and capable of compatibilizing a hvdrophobic component such as the carbon
fiber in a hydrophilic matrix.

180131} Embodiment A3 1s the cementitious construction material of
embodiment Al, wherein the dispersing agent 18 a nonionic component, an anionic
component or a blend of non-iomic and anionic components.

[60132] Ernbodiment A4 1s the cermentitious construction maternial of any
one of embodiments Al to A3, wherein the dispersing agent constitutes from about 0.5
wt % to about 5 wi %, from about 0.5 wi. % to about 4 wt. %, from about 0.5 wi.% to
about 3 wi.%, from about 1.0 wit.% to about 3 wt.%, or from about 1.5 wt.% to about 3
wi % of the total weight of the treated carbon fibers.

160133} Embodiment AS 15 the cementitious construction material of any
one of embodiments Al to A4, wherein the material further comprises a stabiliang
material.

100134} Embodiment A6 is the cementitious construction material of
embodiment AS, wherein the magnesium oxychloride crystals are at least partially
surrounded by a phosphorus-containing layer.

[60135] Embodiment A7 15 a cementitious construction material, the
cementitious construction material comprising magnesium oxychioride crystals and a

siliconate.
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160136} Embodiment AS 1s the cementitious construction material of
embodiment A7, wherein the siliconate 1s an organic modified alkal silicate of the
formula R-8105” M7, wherein R 15 an organic moiety and M 1s an alkali metal cation.

1606137} Embodiment A9 is the cementitious construction material of
embodiment A7, wherein the siliconate is an organosiliconate.

[80138] Embodiment A10 is the cementitious construction material of
embodiment A7, wherein the siliconate is selected from the group consisting of sodium
methvisiliconate, sodium ethvisiliconate, sodium propyistliconate, potassium
methylsiliconate, potassium ethylsiliconate, potassium propylsiliconate, sodium
phenyisiliconate, sodium benzyisiliconate, potassium phenyisiliconate, potassium
benzylsiliconate, and combinations thereof,

100139} Embodiment A1l 1s the cementitious construction material of any
one of embodiments A7 to A10, wherein the material further comprises a stabilizing
material.

[60140] Erobodiment A12 15 the cementitious construction matenial of
embodiment Al1, wherein the magnesium oxychlonde crystals are at least partally
surrounded by a phosphorus-containing layer.

100141} Embodiment A3 1s the cementitious construction material of any
one of embodiments A7 to A12, wherein the cementitious construction material further
comprises carbon fibers.

100142] Embodiment Al4 1s the cementitious construction matenial of
embodiment A13, wheremn the carbon fibers are treated carbon fibers comprising a
dispersing agent at least partially coating the carbon fibers.

160143} Embodiment A15 is the cementitious construction material of
embodiment Al4, wherein the dispersing agent is a dispersing agent suitable for wet-lay
applications and capable of compatibilizing a hydrophobic component such as the carbon
fiber in a hydrophilic matrix.

160144} Embodiment A16 1s the cementitious construction material of
embodiment Al4, wherein the dispersing agent {8 @ NONISNIC cComMponent, an anionic

component or a blend of non-ionic and anionic components.
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[60145] Embodiment A17 is the cementitious construction material of any
one of embodiments Al4 to A16, wherein the dispersing agent constitutes from about 0.5
wit.% to about 5 wi.%, from about 0.5 wi.96 to about 4 wt.%, from about 0.5 wt.% fo
about 3 wi.%, from about 1.0 wi.% to about 3 wt.%, or from about 1.5 wi.% to about 3
wi.% of the total weight of the treated carbon fibers.

100146} Embodiment A18 is the cementitious construction material of any
one of embodiments Al to A6 or A4 to Al7, wherein the carbon fibers are grade A
fibers, grade B fibers, standard modulus fibers, intermediate modulus fibers, high
modulus fiber, ultra-high modulus fibers, recycled fibers, or a mixture thereof.

100147} Embodiment A19 is the cementitious construction material of any
one of embodiments Al to A6 or A4 to A18, wherein the carbon fibers have a length
greater than about 3 rom, greater than about S num, greater than about 6 rom, or greater
than about 10 mm, greater than about 20 mm.

100148} Embodiment AZ0 1s the cementitious construction material of any
one of embodiments Al to A6 or Al4 to Al9, wherein the carbon fibers bave an aspect
ratio of at least about 250, at least about 300, at least about 350, at least about 400, or at
feast about 4235

100149} Embodiment AZ1 1s the cementitious construction material of any
one of embodiments Al to A6 or Al4 to A20, wherein the carbon fibers constitute at
least about 0.1 wi%, at least about 0.3 wi96, or at least about 0.5 wit¥ of the material.

180156} Embodiment A22 15 the cementitious construction material of any
one of embodiments Al to A6 or Al4 to AZ1, wherein the carbon fibers constitute from
about 0.1 wi%6 1o about 1.0 wi%, from about 0.1 wi% to about 0.8 wi%s, or from 0.3 wiSo
1o about 0.7 wt% of the material.

00151} Embodiment AZ3 is the cementitious construction material of any
one of embodiments Al to A6 or Al4 to AZZ, wherein the cemeniitious construction
material comprises magnesium oxychloride crystals and carbon fibers having an aspect

ratio of at least about 400.
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160152} Embodiment A24 is the cementitious construction material of any
one of embodiments Al to A23, wherein the magnesium oxychloride crystals are at least
partially surrounded by a phosphorus-containing layer.

60153} Embodiment AZS is the cementitious construction material of
embodiment A24, wherein the phosphorus-containing layer is amorphous, and the
magnesium oxychloride crystals constitute from about 45 wt% to about 95 wit% of the
cementitious construction material, as determined by X-Ray Diffraction.

[80154] Embodiment AZ6 is the cementitious construction material of
embodiment A2Z4 or A25, wherein the phosphorus-containing amorphous layer is
substantially free of crystalline silica.

[60155] Embodiment A27 is the cementitious construction material of any
one of embodiments A24 to A26, wherein the phosphorus-containing amorphous layer 15
n the form of a nano-molecular veneer comprising non-crystalline, phosphorus-
containing species identifiable by elemental analysis utilizing a scanning electron
microscope {(SEM).

100156} Embodiment AZR8 1s the cementitious construction material of
embodiment A27, wherem at least a portion of the nano-molecular veneer s insoluble
water.

180157} Embodiment A29 1s the cementitious construction matenial of any
one of embodiments Al to AZ8 wherem the cementitious material comprises up to about
30 wi% of an aggregate matenial selected from the group consisting of calcium carbonate,
perlite, wood, cellulosic matenial, chopped fiber, glass, foam beads, recycled magnesium
oxychloride, and combimations thereof

160158} Embodiment A30 is the cementitious construction material of any
one of embodiments Al to AZ9, wherein the cementitious construction material is
characterized by one or more of the following:

from about 5 wt% to about 50 wi% of a phosphorus-containing amorphous layer,

as determined by X-Ray Diffraction; and/or
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a magnesium oxychioride crystal content, after a 24-hour soak in water having a

temperature of 60°C, of from about 40 wi% to about 90 wi%, as determined by X-

Ray Dhffraction; and/or

a BET surface area of from about 20 m*/g to about 30 m¥g.

60159 Embodiment A31 is the cementitious construction material of any
one of embodiments Al to A30, wherein the cementitious construction material 1s
substantially free of magnesium phosphate.

100160} Embodiment A32 is the cementitious construction material of any
one of embodiments Al to A31, wherein the material has a density of at least about 0.3
g/mL, at least about 0.6 g/mlL, at least about 0.7 g/mL, at least about 0.8 g/mL, at least
about 0.9 g¢/ml, at least about 1 g/mL, at least about 1.1 g/mL, at least about 1.2 g¢/mL, at
least about 1.3 g/ml., or at least about 1.4 g/mlL.

100161} Erobodiment A33 15 the cementitious construction matenial of any
one of embodiments Al to A32, wherein the matenal has a density of from about 0.5 to
/rol., from about 0.5 to about 1.4 g/l from

about 2 g/ml, fromabout 0. 5toabout 1.5 g
&

g
about §.5 to about 1.3 g/mL, fromw about 6.5 to about 1.2 g/ml., from about 0.5 to about |

g/mi, from about 0.6 to about | g/ml, or from about 0.6 to about 0.9 g/ml.

100162} Embodiment A34 1s the cementitious construction material of any
one of embodiments Al to A33, wherein the material further comprises one or more
additives selected from the group consisting of a density modifier, a viscosity modifier, a
compatibiiity modifier, a water stability enhancement modifier, a plasticizer, a foaming
agent, a colorant, a natural fiber, a synthetic fiber, a filler, or a mixture thereof.

180163} Embodiment A35 15 the cementitious construction matenial of any
one of embodiments Al to A34, wherein the cementitious construction material 15
characterized by (1) from about 5 wit% to about 50 wit% of a phosphorus-containing
amorphous layer, as determined by X-Ray Diffraction (XRD); (1) a magnesium
oxychioride crystal content, after a 24-hour soak in water having a temperature of 60°C,
of from about 40 wi% to about 90 wils, as determined by X-Ray Diffraction; and (it} a

R ~ ~ ) 2 9.
BET surface area of from about 20 m*/o to about 30 m~/a.
o bl
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160164} Embodiment A36 1s a process for making a cementitious material,
the process comprising:

blending magnesium oxide and a magnestum chioride solution, thereby reacting

the magnesium oxide and magnesium chloride and forming a liquid mixture;

blending treated carbon fibers comprising a dispersing agent at least partially
coating the carbon fibers into the liquid mixture, thereby dispersing the treated
carbon fibers throughout the hquid mixture;

mixing the liguid mixture containing the treated carbon fibers untd a target

density of the higuid mixture of is reached; and

adding a stabilizing material to the liquid mixture, wherein the stabilizing material

is selected from the group consisting of an agqueous solution comprising

phosphorous acid (HPOs), an aqueous solution comprising phosphoric acid

{(H:POa), or combinations thereof,

[80165] Embodiment A37 1s the process of embodiment A36, wherein the
process comprises simultaneously blending the treated carbon fibers comprising a
dispersing agent at least partially coating the carbon fibers and one or more aggregate
material nto the hguid mxture.

80166} Embodiment A38 1s the process of embodiment A37, wherein the
one or more aggregate matenials are selected from the group consisting of calcium
carbonate, perlite, wood, celiulosic matenal, chopped fiber, glass, foam beads, recycled
magnesium oxychioride, and combinations thereof.

160167} Embodiment A39 1s the process of any one of embodiments A36to
A38, wherein the target density 1s from about 0.5 g/mL to about 1.5 g/mL, or from about
0.6 g/mb to about 1.3 g/mlL.

00168} Embodiment A40 is the process of any one of embodiments A36 to
A39, wherein the treated carbon fibers are blended info the hiquid mixture for a period of
at least about T minute prior o reaching the target density of the hquid and/or addition of

the stabilizing material thereto.
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160169} Embodiment A41 is the process of any one of embodiments A36to
A39, wherein the treated carbon fibers are blended into the hguid mixture under
conditions that provide aeration of the hiquid mixture.

1060176} Embodiment A42 is the process of any one of embodiments A36 to
A4l wherein the treated carbon fibers are blended into the hiquid mixture utilizing an
impeller operated at from about 10 to about 60 Hz

160171} Embodiment A43 is the process of any one of embodiments A36 1o
Ad2, wherein the dispersing agent is a dispersing agent suitable for wet-lay applications
and capable of compatibilizing a hydrophobic component such as the carbon fiber ina
hydrophilic matrix.

160172} Embodiment Ad4 is the process of any one of embodiments A36 1o
A43, wherein the dispersing agent 1s selected from the group consisting of a nonionic
component, an antonic coraponent or a blend of non-ionic and anjonic components.

160173} Embodiment A4S 1s the process of any one of embodiments A36to
Ad4, wherein the dispersing agent constitutes from about 8.5 wt. % to about 5 wt.%, from
about 0.5 wt.% to about 4 wt.%, from about 0.5 wt.% to about 3 wt.%, from about 1.0
wt % to about 3 wt %, or from about 1.5 wt.% to about 3 wt. % of the total weight of the
treated carbon fibers.

1060174} Embodiment A46 1s a process for making a cementitious matenal,
the process comprising:

blending magnesium oxide and a magnestum chionide solution, thereby reacting

the magnesium oxide and magnesium chloride and formung a bquid mixture,

miroducing a siliconate and a stabtlizing material into the hquid nuxture; and

mixing the liguid mixture containing the siliconate and the stabilizing material

until a target density of the liquid mixture of 15 reached.

160175} Embodiment A47 is the process of embodiment A46, wherein the
siliconate 15 introduced into the liquud mixture prior to, along with, or after introduction

of the stabilizing material.
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160176} Embodiment A48 is the process of embodiment A4S or A47,
wherein the process comprises blending one or more aggregate material inio the hiquid
mixture prior to introduction of the siliconate.

168177} Embodiment A49 is the process of embodiment A4&, wherein the
one of more aggregate matenials are selected from the group consisting of calcium
carbonate, perlite, wood, celiulosic material, chopped fiber, glass, foam beads, recycled
magnesium oxychioride, and combinations thereof.

[80178] Embodiment ASO 15 the process of any one of embodiments A46 to
A49, wherein the siliconate is blended into the hiquid mixture when the density of the
liquid mixture i1s within about 10% of the target density.

606179 Embodiment A51 is the process of any one of embodiments A46 1o
A30, wherein the target density 1s from about 0.5 to about 2 g/mL, from about 0.5 to
about 1.5 g/mL, from about 0.5 to about 1.4 g/mL, from about 0.5 to about 1.3 g/ml,
from about 0.5 to about 1.2 g/mL, from about 0.5 to about 1.2 g/mlL, from about 0.6 to
about 1 2 g/mL., or from about 0.6 to about 1.0 g/ml.

601 80] Embodiment AS2 1s the process of any one of embodiments A46 to
AS1, wherein the hquid mixture contairung the siliconate and the stabilizing material s
mixed for a period at least about 1 minute prior to reaching the target density of the hqud
MIXRe.

60181} Embodiment AS3 1s the process of any one of embodiments A46to
AS2, wherein the cementitious material is cured to form a cementitious construction
material and the temperature of the hquid mixture does not vary by more than about 5°C
from the formation of magnesium oxychloride to reaching the target density.

160182} Embodiment AS54 is the process of any one of embodiments A46 to
AS3, wherein the hquid mixture containing the siliconate and the stabilizing material s
mixed under conditions that provide aeration of the hqud maxture.

60183} Embodiment ASS is vhe process of any one of embodiments A46
1o AS4, wherein the liquid mixture containing the siliconate and the stabilizing material 1s

mixed vtilizing an impeller operated at from about 10 to about 60 Hertz (Hz).
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160184} Embodiment AS6 is the process of any one of embodiments A46 to
ASS wherein the stabilizing matertal comprises an aqueous solution comprising
phosphorous acid (HiPOs) and/or an aqueous solution comprising phosphoric acid
(HPO).

[60185] Embodiment A57 is the process of embodiment A56 wherein the
stabilizing material comprises an aqueous solution comprising at least about 30 wt%, at
least about 35 wi%, at least about 40 wit%s, at least about 45 wi%, at least about 50 wit,
or at least about 55 wit% HiPOs.

160186} Embodiment A58 is the process of embodiment A56 or AS7
wherein the stabilizing material comprises an aqueous solution comprising at least about
3G wi%e, at least about 35 wi%s, at least about 40 wi%, at least about 45 wi%6, at least
about 5O wi%s, or at least about 55 wi%s of HsP(Ou.

160187} Ernbodiment A39 15 the process of any one of embodiments A46 1o
A3E, the process further comprising blending carbon fibers comprising a dispersing agent
at least partially coating the carbon fibers o the liguid mixture.

60188} Embodiment A50 1s the process of embodiment AS9, the process
further comprising simultaneously blending the treated carbon fibers comprising a
dispersing agent at least partially coating the carbon fibers and one or more aggregate
material into the hquid mixture,

[60189] Embodiment A61 1s the process of embodiment AS9 or A6Q,
wherein the treated carbon fibers are blended into the iquid mixture until a target density
of the hiquid mixture 15 reached.

100196] Embodiment A62 1s the process of any one of embodiments AS9 to
A6Y, wherein the dispersing agent 1s a dispersing agent suitable for wet-lay applications
and capable of compatibilizing a hydrophobic component such as the carbon fiber m a
hydrophilic matrix.

100191} Embodiment A63 is the process of any one of embodiments ASO to
A6Z, wherein the dispersing agent 1s selected from the group consisting of a nonionic

component, an anionic component or a blend of non-1onic and anionic components.
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166192} Embodiment A64 is the process of any one of embodiments A59 to
A63, wherein the dispersing agent constitutes from about 0.5 wt.% to about 5 wt.%, from
about 0.5 wit.% to about 4 wt.%, from about 0.5 wt.% to about 3 wit.%, from about 1.0
wt.% to about 3 wt.%, or from about 1.5 wt.% to about 3 wt.% of the total weight of the
treated carbon fibers.

80193} Embodiment A6S 15 the process of any one of embodiments A46 to
A64, the process further comprising allowing the cementiticus material to cure, thereby
forming crystalline magnesium oxychloride.

60194} Embodiment AGO is the process of embodiment AGS wherein the
cementitious material is allowed to cure for a period of from about 60 minutes to about 4
days, from about 60 minutes to about 3 days, from about 60 nunutes to about 2 days,
from about 60 minutes to about 1 day, from about 60 nunutes to about 12 hours, or from
about 60 minutes to about 300 minutes.

160195} Embodiment A57 1s a cementitious construction material of any
one of embodiments Al to A35 or a cementitious construction matenal comprising the
cementitious material made from the process of any one of embodiments A36 to AGG, the
construction material in the form of a board having a fust surface, a second surface and at
least one edge extending between the first surface and second surface.

1001 96] Embodiment AG8 15 a cementitious construction matenial of any
one of embodiments Al to A3S or a cementitious construction material comprising the
cementitious material made from the process of any one of embodiments A36 to A66, the
construction material in the form of a board having a first surface, a second surface and at
least one edge extending between the first surface and second surface, the board further
comprising a first layer covering the first surface and a second layer covering the second
surface.

160197} Embodiment A69 1s the cementitious construction material of
embodiment AG8, wherein the first laver and the second layer are waterproof and/or

vapor-permeable layers or some other barrier material.
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160198} Embodiment A70 is the cementitious construction material of
embodiment 69, wherein the vapor-permeable lavers or some other barrier material are
hiquid applied membranes.

1060199} Embodiment A71 is the cementitious construction maternial of any
one of embodiments AGS to A70, wherein the waterproof, vapor-permeable lavers
comprise a plurality of films, wherein at least one of the plurality of films contains
polyethylene and at least one of the plurality of films contains polypropylene.

160200} Embodiment A72 is the cementitious construction material of any
one of embodiments A68 to A71, wherein the first layver and the second layer eac
comprise fiberglass.

160261} Embodiment A73 is the construction material of embodiment A72,
wherein the first layer and second layer further comprise polypropvlene mesh,
polvethylene, polvester or other suttable nonwoven polymer.

[80202] Embodiment A74 1s a board having a length, a width, and a
thickness, wherein the board 1s constructed from a cementitious consiruction material
comprising the cementitious material of any one of any one of embodiments Al to A35.

[60263] Ermbodiment A75 is the board of embodiment A74, wherein the
board 15 characterized by one or more of the following:

a cured board density of less than about 1.5 g/mL or from about 0.6 to about 1.3

g/l

a flexural strength of at least about 2 MPa, at least about 3 MPa, at least about 4

MPa, at least about 3 MPa, at least about 6 MPa, at least about 7 MPa, at least

about 3 MPa, at teast about 9 MPa, at least about 10 MPa, at least about 12 MPa,

at least about 14 M¥Pa, or at least about 16 MPa;

a specific flexural strength of at least about 4 MPa/{g/em®), at least about 5

MPa/{g/em”), at least about 6 MPa/(g/cm?), at least about 7 MPa/(g/om’), at least

about 8 MPa/{g/cm’), at least about @ MPa/{o/cm’), at at least about 10

MPa/{g/om”), at least about 15 MPa/{g/cm’), or at least about 20 MPa/{g/cm™);

a lateral screw pull strength of at least about 40 Ib¥/inch, at least about 45 Ibf/inch,

at least about 50 1bf/inch, at least about 55 1bf/inch, at least about 60 1bf/inch, at
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least about 70 1bf/inch, at least about 80 Ibf/inch, at least about 90 Ibf/inch, or at

feast about 100 Ibt/inch; and/or

a specific lateral screw pull strength of at least about 150 Ibf/in/{g/cm’), at least

about 200 Ibf/in/{g/en’), at least about 250 Ibf/in/(g/em’), at least about 300

ibf/in/(g/cm’), at least about 350 Ibf/in/{g/em”), at least about 400 Ibf/in/{g/em™),

at least about 450 1bf/in/(g/cm’), at least about 500 1bf/in/{(g/cm’), at least about

550 ibf/in/(g/om’), at least about 600 [bf/in/{g/cm’), at least about 650

ibf/in/(g/em™), at least about 700 Ibf/in/(g/cm®), at least about 750 1bf/in/{g/em’),

or at least about 800 Ibf/inch/(g/cm™).

[80204] Embodiment A76 is the board of embodiment A74 or A7S, the
board having a length of from about 4 to about 24 feet, a width of from about 0.5 to about
S feet, and a thickness of from about 0.1 1o about 1.5 inches.

[80265] Ernbodiment A77 15 a multi-laver structural construction material,
the material comprising:

a first laver constructed of cementitious construction material comprising

magnesium oxychloride crystals and having an outer surface, an wver surface,

and at least one edge between the outer surface and inner surface;

a second laver constructed of cementitious construction matenial coraprising

magnesium oxychloride crystals and treated carbon fibers comprising a dispersing

agent at least partially coating the carbon fibers having a first inner surface, a

second mner surface and at least one edge between the mner surfaces; and

a third layer constructed of cementitious construction material comprising

magnesium oxychloride crystals and having an outer surface, an inner surface and

at least one edge between the outer surface and the inner surface, wherein:

the second layer is disposed between the first layer and the third laver;

the mner surface of the first layer covers the first inner surface of the second layer

and the inner surface of the third layer covers the second inner surface of the

second layer; and
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the cured density of the cementitious construction material of the second laver is

fess than the cured density of the cementiticus construction material of the first

faver and the third layer.

100206} Embodiment A78 is the construction material of embodiment A77,
wherein the dispersing agent is a dispersing agent suitable for wet-lay applications and
capable of compatibilizing a hydrophobic component such as the carbon fiber ina
hydrophilic matrix.

80267} Embodiment A79 is the construction material of embodiment A77,
wherein the dispersing agent is selected from the group consisting of a nonionic
component, an anionic component or a blend of non-tonic and anionic components.

[60268] Embodiment ASO is the construction material of any one of
embodiments A77 to A79, wherein the dispersing agent constitutes from about 0.5 wt.%
to about S wt.%, from about 8.5 wt. % to about 4 wt.%, from ghout 0.5 wt.% to about 3
wit. %%, from about 1.0 wt.% to about 3 wt.%, or from about 1.5 wi.% to about 3 wi.% of
the total weight of the treated carbon fibers.

[60209] Embodiment A81 1s the construction material of any one of
embodiments A77 to A8Q, wherem the cementitious construction material of the furst
layer and the third layer has a cured density of at least about 0.5 g/mL.

160216} Embodiment A82 1s the construction material of any one of
embodiments A77 to AB1 wherein the cementitions construction material of the second
layer has a cured density of less than about 0.5 g/ml..

160211} Embodiment AB3 1s the construction matenial of any one of
embodiments A77 to A82 having a thickness of about 25 mm {(about 1 inch).

160212} Embodiment A84 is the construction material of any one of
embodiments A77 to A83 wherein the thickness of the first and third lavers is from about
6 to about 8 mm.

160213} Embodiment A8S is the construction material of any one of
embodiments A77 to A84 wherein the thickness of the third layer is from about 10 to

about 14 mm.
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160214} Embodiment AS6 1s a tile backer board, the tile backer board
comprising a cementitious material poured over a reinforcing component, wherein:

the cementitious material comprises magnesium oxychlioride crystals at least

partially surrounded by a phosphorus-containing layer and treated carbon fibers

comprising a dispersing agent at least partially coating the carbon fibers; and

the remnforcing component comprises a woven hydrocarbon containing mat.

160215} Embodiment A87 is a building having an interior building surface
covered with the tile backer board of embodiment A86.

160216} Embodiment ASS is a flooring laminate, the laninate comprising:

a core layer having a first surface having a length and a width, a second surface

having a length and a width, and at least one edge extending between the furst

surface and the second surface, wheremn the core layer comprises a cementitious
board comprising magnesium oxychloride crystals and treated carbon fibers
comprising a dispersing agent at least partially coating the carbon fibers, whereim

the cementitious board has a density of from about 0.6 g/mL to about 1.3 g/ml;

and

a decorative layer secured to the first surface of the core layer.

180217} Embodiment A89 1s a decorative board, the board having a first
surface, a second surface, and at least one edge extending between the first surface and
second surface, wherein the board comprises a cementitious consiruction material as set
forth in any one of embodiments Al to A35.

60218} Embodiment A90 1s the decorative board of embodiment A89,
wherein the decorative board 1s used as decorative material for ceiling(s), floor(s}, and/or
interior wall(s).

100219} Embodiment A91 is a flooring material, wherein the flooring
material 13 selected from luxury vinyl tile and luxury vinyl plank and comprises a
cementitious construction material as set forth in any one of embodiments Al to A3S.

160226 Embodiment A92 is the cementitious construction material of any
one of embodiments Al to A35, wherein the cementitious material meeis the

noncombustibility requirements of ASTM E136 {Standard Test Method for Assessing

4
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Combustibility of Materials Using a Vertical Tube Furnace at 750°C, as defined in the
2012, 2015 and 2018 IBC Model Codes), and further wherein:

the cementitious material comprises magnesium oxychlioride crystals; and/or

the cementitious construct material has a density of less than about 1.3 g/mL.

(00221} Embodiment A93 15 a cementitious material comprising
magnestum oxychloride crystals at least partially surrounded by a phosphorus-containing
layer, the cementitious material comprising treated carbon tibers comprising a dispersing

agent at least partially coating the carbon fibers.

EXAMPLES

1602221 The following non-limiting examples are provided to further
itlustrate the present invention.

[66223] In each of the below examples, the component loadings are
reported as a weight percentage of the total cementitious matenal, ncluding
filler/aggregate materials, prior to curing to form the cementitious construction material
{(1.e., board).

160224} Example 1 1s a typical magnesiurn oxychlonide composite board
with a medium level of filler/aggregate material which vields a particular cured board
denstty, flexural strength, modulus of elasticity (MOE)}, lateral screw pull strength, and
brittieness mndex value. Also presented are the specific flexural strength and specific
tateral serew pull strength, which accounts for the material density as it 18 known to
mmpact mechanical properties.

1608225] Examples 2-17 are directed to magnesium oxychlonde compostte
boards having varving amounts of carbon fibers, siliconate, and filler/aggregate material.
These examples also tested differing carbon fibers and carbon fiber lengths, as well as
coated and uncoated carbon fibers.

160226} Examples 2 and 3 demonstrate the effect of adding 0.3 wt% and
0.5 wit¥s of 6mm length of treated T8CC intermediate modulus carbon fiber, based on the
total weight of the cementitious construction material (e, magnesium oxychlioride

composite board), comprising a dispersing agent at least partially coating the carbon
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fibers. The addition of this carbon fiber results in significant increases in material density
{12% and 86% increase}, flexural strength {(77% and 123% increase), and lateral screw
puli (119% and 264% mncrease}. After accounting for the ncreased density, the increases
in specific flexural strength (58% and 20% increase) and specific lateral screw pull (95%
and 96%) demonstrate the unique reinforcement behavior of the carbon fiber. It should be
noted that the §.5% carbon fiber loading in Example 3 required decreasing the level of
tiller/aggregate loading owing to the increased viscosity of the wet mix, which
contributed to the observed density increase.

166227} Examples 3-6 illustrate the effect of increasing the level of
siliconate for a constant level of treated carbon fiber and filler/aggregate from 0.4% 1n
Example 3 to 2.0% in Example 6. The results demonstrate the ability to achieve a lower
density, lightweight composite material with significantly improved specific flexural
strength (as high as 89% mcrease) and specific lateral screw pull {as hugh as 137%
merease).

100228} Examples 7 and § demonstrate the ability of the siliconate to
contribute to the dispersion of high and low levels of filler/aggregate materials, such that
controlled mixing and matenial processing procedures can be used to yield low density,
hghtweight magnesium oxychloride composites with increased specific flexural strength
and specific lateral screw pull

1606229} Examples 9 and 10 demonstrate the ability to use 12 mm long
treated carbon fiber with low filler/aggregate material foading and adjust the
concentration of siliconate in order to modify the cured board density from 1.33 g/mito
(.69 g/ml.

160236 Example 11 demonstrates the ability to use high levels of
filler/aggregate material However, it was observed that the strength enhancements were
less pronounced as compared to other examples.

160231} Example 12 did not utilize treated carbon fibers and demonstrates
how a carbon fiber lacking a dispersing agent at least partially coating the carbon fibers
will suppress the mechanical property enhancements observed in the other examples. It

was discovered that the use of a carbon fiber dispersing agent partially coating the carbon
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fibers enables strength enhancements for both specific flexural strength and specific
lateral screw pull

160232} Examples 13, 14, and 15 demonstrate the ability to use 6 mm long
T700 standard modulus carbon fiber to improve the composite properties, albeit with less
pronounced improvements than with T800 intermediate modulus carbon fiber. Examples
16 and 17 demonstrate the ability to use 12 mm long T700 standard modulus carbon fiber
to improve the composite properties. Examples 13, 14, 15, 16 and 17 generally
demonstrate the ability to achieve a decreased cured board density with increasing levels
of siliconate, and greater improvements in the composite properties with the use of a
carbon fiber dispersing agent.

[60233] Examples 18-23 demonstrate the ability of a siliconate component
to contribute to the dispersion of filler/aggregates and other solid materials, while
allowing for the desired controlled mixing and material processing. The cementitious
material {cement) of these examples were found to be low density, hghtweight
magnesium oxychlonide cernents. The resulis of Examples 18-23 demonstrated that, even
1 the absence of carbon fibers, an improved magnesium oxychloride composite board

can be prepared having a low density with acceptable mechamical properties.
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Example | Example | Example | Example | Example | Example | Example | Example
Formulation 1 2 3 4 5 6 7 8
Carbon Fiber N/A
Modulus T800 Intermediate Modulus
Carbon Fiber
Length N/A 6 mm
Carbon Fiber
Loading 0.0% 0.3% 0.5% 0.5% 0.5% 0.5% 0.5% 0.4%
Carbon Fiber
Dispersing Agent NA Yes Yes Yes Yes Yes Yes Yes
Siliconate Loading 0.4% 0.4% 0.4% 0.8% 1.2% 2.0% 0.8% 0.8%
Filler Loading Medium | Medium Low Low Low Low High Low
Perlite 6.0% 2.0% 2.0% 2.0% 2.0% 2.0% 0.0% 2.0%
Wood flour 6.0% 5.0% 2.5% 2.5% 5.0% 2.5% 7.6% 4.0%
Expanded
Polystyrene (EPS) | 0.0% | 0.0% 0.0% 0.0% | 0.0% 0.0% 0.1% 0.0%
Phosphoric Acid 0.4% 0.2% 0.4% 0.4% 0.4% 0.4% 0.4% 0.4%
Measurables
Cured board density
(g/ml) 0.76 0.85 1.41 0.94 0.91 0.80 072 0.79
Flexural strength
(MPa) 3.5 6.2 7.8 82 6.9 6.2 3.6 51
Specific Flexural
strength
(MPa*cm®/g) 4.6 7.3 55 87 7.6 7.8 5.0 6.5
SES Percent
Increase (%) 0% 58% 20% 89% 65% 68% 9% 40%
MOE (GPa) 2.1 2.7 3.9 34 2.6 25 0.7 2.1
Lateral Screw Pull
(Ibf/inch) 121 265 440 303 344 278 171 190
Specific Lateral
Screw Pull
(Ibf*cm’/inch/g) 160 312 313 322 378 348 238 241
SLSP Percent
Increase (%) 0% 95% 96% 102% 137% 118% 49% 51%
Brittleness index 20 20 41 21 26 13 9 13
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Formulation Example 9 | Example 10 | Example 11 | Example 12
Carbon Fiber Modulus T800 Intermediate Modulus
Carbon Fiber Length 12 mm
Carbon Fiber Loading 0.5% 0.5% 0.5% 0.5%
Carbon Fiber Dispersing Agent Yes Yes Yes No
Siliconate Loading 0.4% 0.8% 0.8% 0.4%
Filler Loading Low Low High Medium
Perlite 2.0% 2.0% 0.0% 6.0%
Wood flour 2.5% 2.5% 7.6% 6.0%
Expanded Polystyrene (EPS) 0.0% 0.0% 0.0% 0.0%
Phosphoric Acid 0.4% 0.4% 0.4% 0.4%
Measurables
Cured board density (g/ml) 1.33 0.69 0.71 0.85
Flexural strength (MPa) 8.8 6.8 3.1 6.4
Specific Flexural strength (MPa*cm?/g) 6.6 9.8 4.4 7.5
SFS Percent Increase (%) 44% 112% -5% 63%
MOE (GPa) 3.7 1.28 1.1 2.0
Lateral Screw Pull (Ibf/inch) 626 280 156 250
Specific Lateral Screw Pull (Ibf*cm’/inch/g) 470 406 220 204
SLSP Percent Increase (%) 195% 154% 38% 84%
Brittleness index 30 16 16 24
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Formulation Example 13 | Example 14 \ Example 15 \ Example 16 | Example 17
Carbon Fiber Modulus T700 Standard Modulus

Carbon Fiber Length 6 mm 12 mm
Carbon Fiber Loading 0.5% 0.5% 0.5% 0.5% 0.5
Carbon Fiber Dispersing Agent Yes Yes No Yes No
Siliconate Loading 0.4% 0.8% 0.8% 0.8% 0.4%
Filler Loading Low Low Low Low Low
Perlite 2.0% 2.0% 2.0% 2.0% 2.0%
Wood flour 2.5% 2.5% 2.5% 2.5% 2.5%
Expanded Polystyrene (EPS) 0.0% 0.0% 0.0% 0.0% 0.0%
Phosphoric Acid 0.4% 0.4% 0.4% 0.4% 0.4%
Measurables

Cured board density (g/ml) 1.36 0.79 0.77 0.75 1.30
Flexural strength (MPa) 8.1 6.7 6.0 5.1 8.8
Specific Flexural strength

(MPa*em/g) 6.0 8.5 78 6.8 6.8
SFS Percent Increase (%) 30% 84% 69% 48% 48%
MOE (GPa) 3.6 2.1 1.4 1.5 2.7
Lateral Screw Pull (Ibf/inch) 301 214 198 193 268
Specific Lateral Screw Pull

(Ibf*cm’/inch/g) 221 271 257 257 207
SLSP Percent Increase (%) 38% 70% 61% 61% 29%
Brittleness index 19 13 10 10 17

53

SUBSTITUTE SHEET (RULE 26)



WO 2023/014826 PCT/US2022/039324
Example | Example | Example | Example | Example | Example
Formulation 18 19 20 21 22 23
Siliconate Loading 0.4% 0.4% 0.4% 0.6% 0.6% 0.8%
Filler Loading Medium | Medium | Medium | Medium | Medium | Medium
Perlite 6.0% 4.0% 4.0% 4.0% 4.0% 4.0%
Wood flour 6.0% 8.0% 8.0% 8.0% 8.0% 8.0%
Expanded Polystyrene (EPS) 0.0% 0.0% 0.0% 0.2% 0.0% 0.0%
Phosphoric Acid 0.4% 0.2% 0.2% 0.4% 0.4% 0.4%
Measurables
Board Thickness (mm) 10 10 6 10.5 11 6.8
Cement Wet Density (g/ml) 0.86 0.80 0.80 0.74 0.77 0.66
Flexural strength (MPa) 35 94 114 6.2 7.7 12.8
Specific Flexural strength
(MPa*cm’/g) 4.1 11.8 143 8.4 10.0 19.4
MOE (GPa) 2.1 122 0.56 2.3 0.69 0.65
Lateral screw pull (Ibf) 64 84 63 79.0 455 446
Lateral Screw Pull (Ibf/inch) 121 213 267 191 105 167
Specific Lateral Screw Pull
(Ibf*cm’/inch/g) 141 267 333 258 136 252
Brittleness index 20 3 3 11 3 3
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80235} When mtroducing elements of the present mvention or the

[EPNTIT]

preferred embodiments(s) thereof, the articles "a", "an®, "the" and "said” are mtended
to mean that there are one or more of the elements. The terms "comprising”,
"including” and "having” are mtended to be inclusive and mean that there may be
additional elements other than the listed elements.

100236} In view of the above, it will be seen that the several objects
of the invention are achieved and other advantageous results attained.

060237} As various changes could be made in the above without
departing from the scope of the mnvention, it 15 intended that all matter contained in
the above description and shown in the accompanying drawings shall be interpreted

as illustrative and not in a limiting sense.
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WHAT IS CLAIMED IS:

1. A cementiticus construction material, the cementitious construction material comprising
magnesium oxychlonde crysials and treated carbon fibers comprising a dispersing agent at

feast partially coating the carbon fibers,

2. The cementitious construction matenal of claim 1, wherein the dispersing agent 15 a
dispersing agent suttable for wet-lay applications and capable of compatibihizing a

hydrophobic component such as the carbon fiber n a hydrophilic matrix.

3. The cementitious construction material of claim 1, wherein the dispersing agent 1s
selected from the group consisting of a nontonic component, an anionic component or a

blend of non-ionic and anionic components.

4. A cementitious consiruction material, the cementitious construction matenal comprising

magnesium oxychloride crystals and a siliconate.

5. The cementitious construction material of claim 4, wherein the siliconate 1s an organic
modified alkali silicate of the formula R-8i0s" M™, wherein R is an organic moiety and M is

an alkali metal cation.

6. The cementitious construction material of claim 4, wherein the siliconate 1s selected from
the group consisting of sodium methylsiliconate, sodium ethylsiliconate, sodium
propylsiliconate, potassium methylsiliconate, potassium ethylsiliconate, potassium
propylisiliconate, sodium phenyisiliconate, sodium benzylsiliconate, potassium

phenvisiliconate, potassium benzylisiliconate, and combinations thereof.

7. The cementitious construction material any one of claims 1 to 6, wherein the carbon
fibers are grade A fibers, grade B fibers, standard modulus fibers, imntermediate modulus

fibers, high modulus fiber, ultra-high modulus fibers, recycled fibers, or a mixture thereof
8. The cementitious construction material of any one of claims 1 to 7, wherein the
cementitious construction material is characterized by one or more of the following:

from about 5 wi% to about 50 wit% of a phosphorus-containing amorphous

laver, as determined by X-Ray Diffraction; and/or

Wh
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a magnesium oxychionide crystal content, atter a Z4-nour soak i water
having a temperature of 60°C, of from about 40 wt% to about 90 wi%, as

determuned by X-Ray Diffraction; and/or
a BET surface area of from about 20 m?/g to about 30 m?/g.

9. The cementitious construction material of any one of claims 1 to 8, wheremn the
cementitious construction material 1s characterized by {1} from about S wit% to about 50 wils
of a phosphorus-containing amorphous layer, as determined by X-Ray Dhffraction (XRD},
{11} a magnesiom oxychloride crystal content, after a 24-hour soak 1n water having a

temperature of 60°C, of from about 40 wt%s to about 90 wi%, as determmed by X-Ray

Diffraction; and (iii) a BET surface area of from about 20 m*/g to about 30 m%/g.
10. A process for making a cementitious material, the process comprising:

blending magnesium oxide and a magnestam chloride solution, thereby reacting the

magnesium oxide and magnesium chlornde and forming a hiquid mixture;

blending treated carbon fibers comprising a dispersing agent at least partiaily coating
the carbon fibers into the hiquid muxture, thereby dispersing the treated carbon fibers

throughout the hqud mixture;

nuxing the hquid mixture containing the treated carbon fibers until a target density of

the liquid mixture of is reached; and

adding a stabilizing matenial to the ligund mixture, wherein the stabilizing matenal is
selected from the group consisting of an agueous solution comprising phosphorous
acid (H3POs), an aqueous solution comprising phosphoric acid (H3POs), or

combinations thereof

11. The process of claim 10, wherein the process comprises simultaneously blending the
treated carbon fibers comprising a dispersing agent at least partially coating the carbon

fibers and one or more aggregate material into the hquid mixture,

12. A process for making a cementitious material, the process comprising:

blending magnesium oxide and a magnesium chloride solution, thereby reacting the

magnesium oxide and magnesiom chloride and forming a liguud muxture;
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mtroducing a sitliconate and a stabilizing material into the hquid nmuxture; and

mixing the liquid mixture contaiming the siliconate and the stabilizing matenial ontil a

target density of the iquid maxtore of 1s reached.

13. The process of claim 12, wheremn the siliconate 15 mtroduced mito the hiquid muxture

prior to, along with, or after introduction of the stabihizing material.

14. The process of claim 12 or 13, wherein the process comprises blending one or more
£l =

aggregate material into the liquid nuxture prior to introduction of the siliconate.

15. The process of any one of claims 12 to 14, wherein the hiquad mixture containing the
sthiconate and the stabilizing matenal 15 mixed under conditions that provide aeration of the

hiquid mixture,

16, The process of any one of claims 12 to 15, the process further comprising alfowing the
5 A

cementittous material to cure, thereby forming crystalline magnesium oxychloride.

17. A cementitious construction matenal of any one of claims 1 10 9 or a cementitious
construction material comprising the cementitious material made from the process of any
one of claims 10 to 16, the construction material m the form of a board having a first
surface, a second surface and at least one edge extending between the first surface and

second surface.

18. A cementitious construction material of any one of claims 1 to 9 or a cementitious
construction material comprising the cementitious material made from the process of any
one of claims 10 to 16, the construction material in the form of a board having a first
surface, a second surface and at feast one edge extending between the first surface and
second surface, the board further comprising a first layer covering the first swrface and a
second layer covering the second surface.

19. A board having a length, a width, and a thickness, wherein the board is constructed from

a cementitious construction material of any one of claims 1 to 9, wherein the board 15

characterized by one or more of the following;

a cured board density of less than about 1.5 g/mL or from about 0.6 to about 1.3

g/mL;
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a flexural strength of at least about 2 MPa, at least apout 3 MPa, at jeast about 4
MPa, at least about 5 MPa, at leasi about 6 MPa, at least about 7 MPa, at least about
8 MPa, at least about § MPa, at least about 10 MPa, at least about 12 MPa, at least
about 14 MPa, or at least about 16 MPa;

a specific flexural strength of at least about 4 MPa/{g/cm”), at least about 3
MPa/(g/em’), at least about 6 MPa/(g/om’), at least about 7 MPa/{g/cm?), at least
about § MPa/{g/cm’), at least about 9 MPa/g/en’), at at least about 10 MPa/{g/em”),

at least about 15 MPa/{g/cm”), or at least about 20 MPa/{g/em’);

a lateral screw pull sirength of at least about 40 Ibf/inch, at least about 45 1bf/inch, at
{east about 50 1bf/inch, at least about 55 1bt/inch, at least about 60 Ibf/inch, at least
about 70 1b#/inch, at least about 80 Ibt/inch, at least about 90 ibt/inch, or at least

about 100 Ibf/inch; and/or

a specific lateral screw pull strength of at least about 150 1bf/in/{g/cm”), at least
about 200 Ibf/in/{g/om’ ), at least about 250 1bf/in/(g/em?), at least about 300
Ibf/inf{g/cny’), at least about 350 Ibf/inf{g/em®), at least about 400 Ibf/in/(g/cm’), at
least about 450 1bf/in/{g/cm?®), at least about 500 Ibf/in/{g/cm’), at least about 550
Ibf/in/{g/cny’), at least about 600 Ibf/infg/em®), at least about 650 Ibf/in/(g/cm’), at
least about 700 1bf/in/{g/cm’), at least about 750 Ibf/in/{g/em’), or at least about 800

Ibf/inch/{g/em’).
20. A mului-layer structural construction material, the material comprising:

a first layer constructed of cementitious construction material comprising magnesiym
oxychloride crystals and having an outer surface, an inner surface, and at least one

edge between the outer surface and inner surface;

a second layer constructed of cementitious construction material comprising
magnesium oxychloride crystals and treated carbon fibers comprising a dispersing
agent at least partially coating the carbon fibers having a first muer surface, a second

inner surface and at least one edge between the inner surfaces; and

Wh
O
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a third layer constructed of cementitious construction materal comprising
magnesium oxychloride crystals and having an outer surface, an inner surface and at

least one edge between the outer surface and the inner surface, wherein:
the second layer 1s disposed between the first layver and the third layer;

the mner surface of the first layver covers the {irst inner surface of the second layer
and the mner surface of the third layer covers the second inner surface of the second
layer; and
the cured density of the cementitious construction material of the second layer 1s less
than the cured density of the cementitious construction material of the first layer and
the third laver.
21. A tile backer board, the tile backer board comprising a cementitious material poured
over a reinforcing component, wheremn:
the cementitious material 18 prepared according to the process of any one of claims
1010 16, and
the reinforcing component comprises 3 woven hydrocarbon containing mat.
22. A flooring laminate, the laminate comprising:
a core layer having a first surface having a length and a width, a second surface
having a length and a width, and at least one edge extending between the first surface
and the second surface, wherem the core layer comprises a cementitious construction
material of any one of claims 1 to 9, wherein the cementitious board has a density of
from about 0.6 g/mL to about 1.3 g/ml; and
a decorative layer secured to the first surface of the core layer.
23. A decorative board, the board having a first surface, a second surface, and at least one
edge extendimg between the first surface and second surface, wherem the board comprises a
cementittous construction material as set forth in any one of claims 1 t0 9.
24, A flooring material, wherein the flooring material 1s selected from luxury viny] tile and
fuxury vinyl plank and comprises a cementitious construction material as set forth m any

one of claims 1 t0 9.
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